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The Difference is Clear 





Thog, tested and trusted for 
over 40 years, S & S x-ray 
products deliver maximum 
proficiency and economy -- 
backed by quality, dependability 
and innovation. 


X-RAY Film Viewers 
X-RAY Protection 
X-RAY Files 


X-RAY Darkroom 
Equipment 


X-RAY Cabinets 


For a FREE copy of our fully illustrated, X-RAY Accessories 
100+ page catalog, contact S & S directly 
or your local x-ray dealer. 
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The friendlier molecule 
and its pattern of protection 


The toxic portion of the 
contrast agent molecule is the 
iodinated benzene ring. In 
modern contrast agents, the 
ring is sheltered by hydroxyl 
groups arranged around it. If 
the arrangement is less than 
optimal, it can leave “holes” in 
the structure. 


The Optirays molecular 
structure provides a superior 
pattern of protection from the 
benzene ring with six hydroxyl 
groups arranged symmetrically 
around it.' In addition, Optiray 
has no hydrophobic (lipid- 
soluble) methyl group as in 
iopamidol and iohexol mole- 
cules. These are the reasons 
why one investigator has 
called Optiray the “friendlier” 


contrast media molecule.’ 


Balanced distribution of hydroxyl (OH) 
groups createsa pattern of pean 
around the toxic iodinated benzene ring. 


With Optiray, you can 
expect a very low incidence of 
individual, drug-related adverse 
reactions.” Optiray also offers 
the safety, convenience, and 


cost-efficiency of the single-dose 
Ultrajects prefilled syringe. With 


all these advantages, shouldnt 
Optiray s friendlier molecule be 
your choice in a nonionic con- 
trast agent? For more informa- 
tion, contact your Mallinckrodt 
Medical representative or call 
us toll free at (800) 325-3688. 


Nonionic 


OP TIRAY 


ioversol) 


+g 


The friendlier molecule 


All nonionic iodinated contrast media 
currently available inhibit blood 
coagulation, in vitro, less than ionic 
contrast media. Clotting has been 
reported when blood remains in con- 
tact with syringes containing nonionic 
contrast media. Therefore, meticu- 
lous intravascular administration 
technique is necessary to minimize 
thromboembolic events. 


Please see adjacent brief summary of 
prescribing information. 
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OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioverso! injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
Organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
Suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioverso! 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established, 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon Clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioverso! 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 
> 1% = 1% 


System 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 

vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon Clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular; angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock, 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and brochospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
_ and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are lite- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore, 
dialyzable. 

The intravenous LD., values (gl/kg) for ioversol in animals were: 
17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 
are stages in the package insert. CONSULT FULL PACKAGE INSERT 
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It Is Now A Law 


Effective January 1, 1991, The U.S. Congress approved legislation affecting 
Medicare reimbursement for mammography screening. 


What This Means To You: 


Any supplier of mammography screening MUST have an equipment 

quality assurance program specific to mammography imaging! This program 
MUST cover all components of the x-ray system, from x-ray generator to the 
image developer! 


A FREE Catalog Is Available 
For Your Use: 


This FREE catalog contains ALL of the equipment you will need to 
comply with this new law plus ACR Accreditation for Quality Assurance! 
We will also send you a copy of this new law. 


Call, Fax, or Write 
For Your FREE Copy: 


Phone (516) 741-6360, FAX (516) 741-5414 or write Nuclear Associates, 
100 Voice Rd., Carle Place, New York 11514 
Ask for Catalog MMB-44. 








ASSOCIATES 


ou z Division of VICTOREEN, INC, 

100 VOICE ROAD e P.O. BOX 349 
q CARLE PLACE, NY 11514-0348 
(516) 741-6360 @ FAX (516) 741-5414 





*42CFR Part 494.64 “Condition for Coverage: Quality Assurance”. 
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The American Roentgen Ray Society 


AJR, American Journal of Roentgenology, is published 
monthly to disseminate research on current developments in 
the radiologic sciences and commentary on topics related to 
radiology. It is published by the American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8992. inquiries regarding society business, the annual 
ARRS meeting, and membership should be addressed to the 
Society at the above address. 


Correspondence Concerning the AJR 


Correspondence regarding display (not classified) advertis- 
ing, subscriptions, address changes, reprints, and permission 
requests should be addressed to Williams & Wilkins, 428 E. 
Preston St., Baltimore, MD 21202; (301) 528-4000. 

Correspondence regarding editorial matters and classified 
advertising should be addressed to Editorial Office, AUR, 2223 
Avenida de la Playa, Ste. 103, La Jolla, CA 92037-3218; 
telephone (619) 459-2229; FAX (619) 459-8814. For infor- 
mation on manuscript submission, see Guidelines for Authors, 
pages A17-A19. 


Subscriber Information 


Subscription requests and inquiries should be sent to Wil- 
liams & Wilkins, 428 E. Preston St., Baltimore, MD 21202. 
ARRS annual dues include $50 for journal subscription. Sub- 
scription rates are as follows: nonmembers, $125/year ($180 
foreign); institutions, $135 ($190 foreign); nonmember in- 
training, $25 ($80 foreign). Single copies of the Journal may 
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be purchased for $18 ($22 foreign). Airmail rates will be 
furnished on request. The GST number for Canadian sub- 
scribers is 123394371. 

Call toll-free, 1-800-638-6423 (in Maryland call 1-800-638- 
4007), with subscription questions or problems. Please have 
the mailing label from your latest issue available when you 
call. 

if a subscriber receives a damaged copy of the AJR or fails 
to receive an issue, the subscriber should notify Williams & 
Wilkins (428 E. Preston St., Baltimore, MD 21202) within 60 
days of publication (90 days for foreign subscribers) and that 
issue will be replaced. 

Change of address information should be sent to Williams 
& Wilkins, 428 E. Preston St., Baltimore, MD 21202. Allow 
90 days for address changes. 


Copyrights, Permissions, and Reprints 


The American Roentgen Ray Society holds the copyright 
for all material published in the AJR. No part of this publication 
may be reproduced without permission from the ARRS. Re- 
quests for such permission should be addressed to Williams 
& Wilkins, 428 E. Preston St., Baltimore, MD 21202. 

For reprints of a particular article, please contact the author 
designated in the footnotes for that article. 


indexes 


The AJA provides volume and yearly indexes (subject and 
author) in the June and December issues each year. AJR 
articles are also indexed in Current Contents, index Medicus, 
and the cumulative index published by Radiology. 


AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 103 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229: FAX: (619) 459-8814 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: 1-800-638-6423 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to 
American Journal of Neuroradiology, Dept. of Diagnostic Ra- 
diology, 1653 W. Congress Pkwy., Chicago, II 60612. At the 
discretion of the AJR Editor, AJNR articles that are of interest 
to the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJA will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJA or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 
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Oriental Cholangiohepatitis: Pathologic, Clinical, and 


Radiologic Features 


Jae Hoon Lim’ 


Oriental cholangiohepatitis, an endemic disease in Southeast 
Asia, is characterized by recurrent attacks of abdominal pain, 
fever, and jaundice. Pathologically, the intra- and extrahepatic 
ducts are dilated and contain soft, pigmented stone and pus. 
There is proliferation of bile ducts and infiltration of inflammatory 
cells along the periportal spaces and hepatic parenchyma. Lo- 
calized intrahepatic segmental ductal stenosis may be present, 
especially in the lateral segment of the left lobe or posterior 
segment of the right hepatic lobe. The cause of the disease is 
not known, but associations with clonorchiasis, ascariasis, and 
nutritional deficiency have been suggested. Sonographic and CT 
findings include intra- or extrahepatic duct stones, dilatation of 
the extrahepatic duct with relatively mild or no dilatation of the 
intrahepatic ducts, localized dilatation of the lobar or segmental 
bile ducts, increased periportal echogenicity, segmental hepatic 
atrophy, and gallstones. Cholangiographic findings include bile 
duct stones; disproportionately severe dilatation of the extrahe- 
patic ducts with mild or no dilatation of the intrahepatic ducts; 
and focal strictures, acute peripheral tapering, straightening, ri- 
gidity, decreased arborization, and an increased branching angle 
of the intrahepatic bile ducts. 


Oriental cholangiohepatitis (OCH), also known as oriental 
cholangitis, recurrent pyogenic cholangitis, and intrahepatic 
pigmented stone disease, is characterized by recurrent at- 
tacks of fever, chills, abdominal pain, and jaundice [1-4]. Bile 
ducts are dilated or focally stenotic, harboring soft, pigmented 
stone or mud, and enteric bacteria can be cultured from the 
bile [1-3, 5]. The wall of the bile ducts is thickened by fibrosis 
and inflammatory cell infiltration. The disease is endemic to 
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Southeast Asian countries [1-5], but sporadic cases have 
been reported in Europe [6] and South Africa [7]. The disease 
is now being encountered more often in western societies, 
especially in the United States and Canada, largely as a result 
of increased immigration from Asian countries [4, 5]. The 
purpose of this article is to review the sonographic, CT, and 
cholangiographic findings of OCH in light of the pathophysi- 





Fig. 1.—Microphotograph of resected liver specimen shows soft, pig- 
mented stone (long arrow) in dilated medium-sized bile duct. Note also 
severe thickening of small bile ducts and periductal fibrosis (short arrows) 
obliterating lumen of bile ducts and encroaching on hepatic parenchyma. 


(Masson’s trichrome stain, original magnification x8) 
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ology of the disease and to discuss the radiologist’s role in 
the management of the disease. 


Pathology 


The primary pathologic changes are in the bile ducts. 
Histologically [1, 2, 8], there is proliferation of bile ducts, and 
inflammatory cells, mostly polymorphonuclear leukocytes, in- 
filtrate from the portal tracts well into the hepatic parenchyma, 
accompanied by local hepatocellular necrosis. In more severe 
cases this inflammation undergoes suppuration. Fibrous tis- 
sue proliferates in the portal tracts, especially around the bile 
ducts (Figs. 1 and 2). The intrahepatic ducts frequently show 
dilatation and stricture and may contain pigmented stone (Fig. 
1), pigmented mud, and debris and may shed epithelial cells, 
exudates, and sometimes frank pus. Liver changes are com- 
mon and can be quite severe [2, 9]. The liver is usually 
enlarged and scarred, and capsular adhesions are evident. 
Occasionally, after multiple attacks, the liver becomes 
shrunken, especially the lateral segment of the left lobe. The 
papilla is usually hypertrophied [2], fibrosed, and rigid but 
patent, allowing passage of a large dilator without difficulty 
[9]. In some cases there is periampullary stricture due to 
fibrosis and passage of stone. 

Dilatation of the extrahepatic ducts and large intrahepatic 
ducts such as the right and left hepatic ducts is observed in 
most patients (85-100%) [10, 11]. Dilatation of the intrahe- 
patic biliary ducts tends to be disproportional, that is, central 
dilatation with rapid tapering toward the periphery [10]. The 
first and second divisions of the ducts are dilated, whereas 
the third and fourth divisions are not. The cause is not known, 
but periductal diffuse fibrosis may play a role (Fig. 2). This 
pattern of bile duct dilatation is quite different from the dila- 
tation caused by obstruction. In obstruction, the intrahepatic 
bile ducts are dilated diffusely instead of rapidly tapering 
peripherally. 

The dilatation of the extrahepatic duct generally is not 
related to the location of the stone [11]. Ducts both proximal 
and distal to the stone are dilated diffusely. Repeated passage 
of small pieces of stones through the sphincter of Oddi into 
the duodenum results in hypertrophy, ulceration, and stricture 
[2], and these changes may cause stenosis and proximal 
dilatation. However, localized stricture and resultant dilatation 
of the intrahepatic ducts are closely related to the location of 
stones. The left lateral segmental duct is affected earlier and 
more severely [2, 11, 12], followed by the posterior segmental 
duct of the right lobe [12]. This may be related to the more 
acute angulation of these ducts, resulting in less efficient 
drainage on this side of the biliary system [2, 12]. Stricture 
along the extrahepatic ducts is very unusual [2]. 

The bile duct stones encountered in western persons orig- 
inate in the gallbladder and have the same chemical compo- 
sition as gallstones [13]. On the other hand, the stones in 
patients with OCH originate in the bile ducts and are com- 
posed mostly of bile pigment with variable calcification. The 
stones are dark brown or black and vary in consistency from 
Claylike, muddy material to concrete stones that are usually 
soft and friable [2, 3, 9]. There may be single or multiple 
stones. Multiple stones are scattered in the intra- or extra- 
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hepatic ducts or both. Occasionally the bile ducts are packed 
with stones. 

Bile duct stones are present in about 75-80% of cases [2, 
9]. In the remaining cases, the biliary tree is infected recur- 
rently in the absence of stone. Gallstones are found fre- 
quently, and including the cases of previous cholecystectomy, 
gallstones are present in about 50-70% [10-12]. 

The reported prevalence of cholangiocarcinoma associated 
with OCH ranges from 2.4% to 5.0% [14, 15]. Chronic 
proliferative cholangitis in the presence of bile duct stones 
can undergo progressive changes to atypical epithelial hyper- 
plasia, which may progress to cholangiocarcinoma [16]. To 
my knowledge there has been no report on an increased 
prevalence of hepatocellular carcinoma in patients with OCH. 


Pathogenesis 


Two theories have been advanced to explain the pathogen- 
esis of OCH. Chronic infestation of the biliary tree with en- 
demic parasites such as Clonorchis sinensis and Ascaris 
lumbricoides may induce ductal injury and strictures, leading 
to stone formation. Many patients with intrahepatic stone 
have evidence of clonorchiasis [1, 17, 18]. Evidence of infes- 
tation with Ascaris is observed in patients with OCH [7]. 
Microscopic sections of stones from extra- and intrahepatic 
bile ducts revealed evidence of C. sinensis (Fig. 3) and A. 
lumbricoides [1, 19]. As adult flukes or Ascaris eggs and 
desquamated epithelial cells block the intrahepatic ducts par- 
tially or completely, bile stasis is sure to follow [17]. Stagna- 
tion favors bacterial infection resulting in pyogenic cholangitis. 
When pyogenic infection occurs in the bile ducts, C. sinensis 
flukes are killed [17, 20]. Bile stasis and the presence of dead 
flukes and ova or their debris can form a nucleus (Fig. 3) for 
the formation of gallstones or bile duct stones [19], and this 
could instigate all the consequent pathologic processes, re- 
sulting in a cycle of repeated bouts of cholangitis and stone 
formation [3]. The formation of bilirubin stones may be attrib- 
uted to bacterial deconjugation of bilirubin diglucuronoside 





Fig. 2.—Cut surface of resected lateral segment of left hepatic lobe 
shows marked fibrous thickening of segmental bile duct (open arrows) 
and its tributaries. Hepatic veins (solid arrows). 
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with the formation of insoluble bilirubin during bouts of cho- 
langitis [21]. 

Ong [2], however, found that patients with OCH had only 
a 5% higher rate of infestation with C. sinensis than did 
patients in general outpatient clinics. Large proportions of 
persons in endemic areas are infested with liver flukes without 
pyogenic cholangitis developing [8]. It was proposed that the 
primary cause was portal septicemia resulting from poor 
eating habits [2, 4]. Ong [2] believed infection reached the 
biliary tract from the portal vein: “The infection having reached 
the liver is excreted into the bile. Should there be obstruction 
by C. sinensis, tumor or stones, cholangitis would be the 
result.” This theory was supported by animal experiments 
[8]. Bilirubinate stones may be formed in the liver as a result 
of an increase in deconjugation of bilirubin glucuronide by 
Escherichia coli, attributed to a net increase in $-glucuroni- 
dase activity. This arises when the intrahepatic environment 
is deficient in glucaric acid, a 6-glucuronidase inhibitor that is 
lacking in a low-protein diet [22]. These two theories cannot 
explain the pathogenesis of OCH. Perhaps both factors play 
a role separately or synergistically. 





Fig. 3.—Microphotograph shows eggs of Clonorchis sinensis (arrows) 
embedded in pigmented stone. (H and E, original magnification x 100) 


Fig. 4.—Sagittal sonogram shows dilatation 
of common bile duct containing three shadowing 
stones (arrows). Wall of common bile duct (D) is 
thick. 


Fig. 5.—Transverse sonogram of liver shows 
a shadowing echogenic cast filling posterior 
segmental bile duct of right hepatic lobe (ar- 
rows). 
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Clinical Manifestations 


Men and women are affected almost equally [2, 9] and the 
highest number of cases occur in persons 20-40 years of 
age. There is a strong association with lower socioeconomic 
class. The symptoms are recurrent attacks and remissions of 
abdominal pain, nausea, vomiting often accompanied by fe- 
ver, shaking chills, and jaundice. Visible jaundice is present in 
77% of patients [2]. Physical examination reveals epigastric 
tenderness and rigidity and enlargement of the liver and 
gallbladder. Occasionally patients with severe disease such 
as sepsis present with shock and mental confusion. 

Laboratory findings are leukocytosis, predominantly poly- 
morphonuclear leukocytes; elevated levels of alkaline phos- 
phatase; and excretion of urobilinogen in urine. Bile cultures 
yield E. coli or other enteric bacteria. The natural history of 
the disease is marked by recurrent attacks of cholangitis, 
usually once or twice a year [2, 9]. 

Many of the acute attacks respond to antibiotic treatment; 
many also require decompression of the biliary tree after 
control of the acute attack [2, 9], especially when there is a 
Stone or stricture of bile ducts. OCH is a frequent reason for 
emergent surgery in the endemic areas. Recurrent disease is 
common postoperatively, especially when the operation does 
not include a drainage procedure [4, 23-25]. Even after 
surgery with drainage, stones and stricture return and the 
attacks of cholangitis recur sooner or later. In a study of 115 
patients who had had surgery, 66 patients (57%) had residual 
intrahepatic stones [26]; biliary stricture caused the remnant 
stone in the majority of cases (81%). 


Radiologic Findings 


Radiologic assessment of the biliary tree is imperative if the 
correct preoperative evaluation is to be made regarding the 
need for and the type of surgery [4, 25]. Plain radiography is 
not helpful because the stones are rarely radiopaque [2, 6, 7, 
12]. Oral cholecystography, IV cholangiography, and biliary 
scintigraphy are not useful [2, 27]: correct anatomic diagnosis 
cannot be made even if the biliary tract is visualized. 
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Sonographic Findings 


Sonography delineates bile duct dilatation in virtually all 
patients with OCH. The extrahepatic bile ducts are dilated in 
85-100% of cases and the larger intrahepatic bile ducts are 
dilated in 66-79% of cases [10, 11]. Usually, the smaller 
intrahepatic bile ducts such as the tertiary or quaternary 
divisions proximal to the segmental bile ducts are dilated only 
slightly or not at all. In general, the dilatation of the extrahe- 
patic duct is not related to the location of stone [11], although 
localized dilatation of the intrahepatic ducts is closely related 
to the location of stricture and stone lodgment, especially the 
lateral segmental ducts of the left hepatic lobe [11]. 

In a large proportion of patients with OCH (85-90%), a 
stone or stones can be detected with sonography [10, 11]. 
The stones may be in either the extrahepatic (Fig. 4) or 
intrahepatic (Fig. 5) ducts or both. In some cases, stones are 
only in the segmental bile ducts, such as the lateral segment 
of the left hepatic lobe or posterior segment of the right 
hepatic lobe (Fig. 5). 

The stones may be more echogenic than the liver paren- 
chyma and adjacent tissue or, less commonly, isoechoic. 
Some stones cast shadow and some do not, even in the 
same patient [10, 11]. In general, the intrahepatic stones are 
usually echogenic and shadowing (Fig. 5), whereas some 
extrahepatic stones (25%) do not cast shadow (Fig. 6). This 
may be due to the poor rate of detection of the intrahepatic 
stones, because hypoechoic intrahepatic stones without 
shadows can be missed on sonography. 

The detectability of stones with sonography depends on 
the size, echogenicity, shadowing characteristics, and loca- 
tion of the stones [11, 28]. Biliary mud or isoechoic bile duct 
stones filling the biliary tree as a cast can be missed because 
sometimes they appear as soft-tissue masses and obscure 
visualization of intrahepatic ductal dilatation [10, 25, 29]. 
Biliary pneumatosis, as a result of prior choledochoenteric 
anastomoses or sphincter incompetency, obscures visuali- 
zation of stone. A higher proportion of nonshadowing stones 
in the extrahepatic ducts can be detected compared with 
intrahepatic stones [10, 11]; this is because the duct is dilated, 
providing a larger space to enable the nonshadowing stone 
to be detected (Fig. 6). 


LIM 





AJR:157, July 1991 


Fig. 6.—Transverse sonogram of common 
bile duct shows a round, nonshadowing stone 
(arrow). Proximal and distal portions of bile duct 
are dilated diffusely (arrowheads). A = abdomi- 
nal aorta, V = inferior vena cava. 


Fig. 7.—Transverse sonogram of left hepatic 
lobe shows thickening and increased echogen- 
icity of walls of bile ducts (arrows) and umbilical 
portion of left portal vein (P). 





Fig. 8.—CT scan shows dilatation of central intrahepatic bile ducts 
around porta hepatis, with bile ducts tapering abruptly toward periphery. 


Chau et al. [10] described prominent periportal echogenicity 
(Fig. 7) representing pericholangitis and periportal fibrous 
thickening in 30% of their cases. Gallstones are found fre- 
quently [10, 11]. Hepatic abscess or biloma complications in 
patients with OCH can be delineated on sonograms. 


CT Findings 


The optimal CT technique is enhanced scanning with a slice 
thickness of 5 mm and 2-mm interslice gap. Unenhanced 
scanning may be helpful in detecting stones. CT demonstrates 
the full extent of ductal dilatation [12]. Dilatation of the extra- 
hepatic ducts is depicted clearly. Central, larger intrahepatic 
biliary dilatation; acute peripheral tapering; and nonvisualiza- 
tion toward the periphery of the liver give rise to the charac- 
teristic arrowhead appearance on contiguous sections (Fig. 
8). There may be localized dilatation from obstruction by 
Stricture (Fig. 9) or stone, such as that of lateral segmental 
ducts of the left hepatic lobe and posterior segmental ducts 
of the right hepatic lobe [12]. However, biliary strictures, 
which are usually short segments, are difficult to depict be- 


AJR:157, July 1991 





A B 


n 


= s a¥ 
f k Aare 


ORIENTAL CHOLANGIOHEPATITIS 5 


Eiu 
rs 


es! 


ates E 





Fig. 9.—Multiple intrahepatic stones in lateral segment of left lobe and extrahepatic stone. 
A, Transverse sonogram of epigastrium shows shadowing echogenic foci (short arrow). Note moderate dilatation of subsegmental bile duct with thick 


wall (long arrow). 


B, CT scan of liver shows localized severe dilatation of lateral segmental bile duct of left hepatic lobe due to localized stricture (arrow). Multiple tiny 
high-density areas within dilated duct represent small stones that might have been overlooked on basis of CT alone. Wall of dilated bile ducts is enhanced. 
C, CT scan at level of pancreatic head shows small, round, calcified stone (arrow) within dilated intrapancreatic common bile duct. 





Fig. 10.—CT scan shows cystically dilated 
bile duct containing stone. Wall of dilated bile 
duct is enhanced. Biliary pneumatosis (arrow). 
The patient had had a cholecystectomy. 


Fig. 11.—Enhanced CT scan shows homoge- 
neous enhancement of left lobe of liver. Walls of 
bile ducts are enhanced (/ong arrows). Intrahe- 
patic stones (short arrows) have same attenuation 


Fig. 12.—CT scan shows severe atrophy of 
lateral segment of left hepatic lobe harboring 
small calcific stones (Open arrow). 


as liver. PV = right branch of portal vein. 


cause of partial-volume averaging. Sometimes, dilatation may 
be fusiform or cystic (Fig. 10). The wall of the bile ducts may 
enhance on CT scans obtained with contrast material (Figs. 
9 and 10), especially during an acute cholangitic episode [12]. 

The stones can be depicted with CT, but the detection rate 
(63-81%) is generally not as good as that of sonography [6, 
30]. It has been stated that unlike cholesterol stones, which 
may be isodense with bile, pigmented stones are hyperdense 
on CT (Fig. 9C) because of their variable content of calcium 
salts, heavy metals, and other inorganic components [29, 30]. 
However, bile duct stones are sometimes not sufficiently 
hyperdense to be visualized on CT (Fig. 11). Often the stones 
are hypodense, and thus it is impossible to distinguish stones 
from bile or pus in the dilated duct [30]. Isodense stones that 


completely fill the ducts within the hepatic parenchyma (Fig. 
11) could easily be missed on CT; in these patients, even the 
dilated bile ducts are difficult to recognize. Chan et al. [12] 
described both unenhanced and enhanced scans as desirable 
because stones are detected more easily on unenhanced 
scans, and enhanced CT scans are better in the detection of 
subtle intrahepatic biliary dilatation. 

In addition to the ductal change and detection of stones, 
parenchymal loss and segmental atrophy (Fig. 12) can be 
correctly assessed with CT [12]. During the stage of acute 
exacerbation, persistent segmental or lobar parenchymal en- 
hancement can be observed (Fig. 11), suggesting diffuse 
parenchymal inflammation or microabscess [12]. Frank he- 
patic abscess or biloma can be delineated. 
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Cholangiographic Findings 


Direct cholangiography, such as endoscopic retrograde 
cholangiography, percutaneous transhepatic cholangiogra- 
phy, operative cholangiography, and T-tube cholangiography, 
demonstrates the full spectrum of ductal changes and stones 
in patients with OCH (Fig. 13). Abnormal findings include 
disproportionately severe dilatation of the extrahepatic ducts 
with mild or no dilatation of the intrahepatic ducts and acute 
tapering, straightening, rigidity, increased or right-angle 
branching pattern, multiple focal strictures, and decrease in 
arborization [31-35]. These abnormalities are due to fibrosis 
and scarring of bile ducts [5]. Biliary duct dilatation is seg- 
mental or subsegmental [31] when there is stricture of intra- 
hepatic bile ducts or obstruction by impacted stone (Fig. 14). 
Stricture of the extrahepatic bile ducts may occur, but this is 
unusual. Rarely, the segmental or subsegmental bile ducts 
dilate cystically because of persistent obstruction, resultant 
inflammation, and loss of the elasticity of the ducts. 

Stones produce negative filling defects in the opacified bile 
ducts (Figs. 13 and 14). When the stones completely obstruct 
the orifice of the segmental or subsegmental bile ducts (miss- 
ing duct sign), the stone cannot be detected (Fig. 15). Simi- 
larly, when there is a stricture at the segmental or subseg- 
mental bile ducts, proximal bile ducts cannot be opacified, 
leading to an erroneous interpretation of no ductal stone or 
stricture [27]. A few patients (15-25%) have no stones, or 
stones pass spontaneously [2]; in these patients, the char- 
acteristic pattern of the biliary tree will lead to the correct 
diagnosis [35]. 


Differential Diagnosis 


From the radiologic point of view, OCH is characterized by 
the presence of stone(s), dilatation of the extrahepatic ducts, 
large intrahepatic bile ducts with acute peripheral tapering, 
and thickening of the wall of bile ducts. Knowing these 
features, radiologic differentiation from other diseases of the 
bile ducts can be possible. In western patients, the differential 
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Fig. 13.—Endoscopic retrograde cholangio- 
gram shows three stones with facets. Extrahe- 
patic ducts are markedly dilated. Right and left 
hepatic ducts and their first divisions are mod- 
erately dilated but more peripheral ducts taper 
abruptly. Intrahepatic bile ducts show straight- 
ening and rigidity, right angle branching pattern, 
decrease in arborization, and acute peripheral 
tapering. (Reprinted from Lim et al. [11].) 


Fig. 14.—Endoscopic retrograde cholangio- 
gram shows mild dilatation of extra- and intra- 
hepatic bile ducts with abrupt peripheral taper- 
ing, straightening, and increased angle of 
branching. Three small faceted stones are seen 
in common bile duct (white arrows). Lateral seg- 
mental bile duct of left hepatic lobe is diffusely 
dilated and harbors multiple filling defects of 
stones (arrowheads). Note mild stricture at junc- 
tion (black arrow) of lateral segmental duct and 
left lobar ducts. 


diagnosis between gallstones passed into the extrahepatic 
duct and OCH is very difficult. The stone passed only into the 
extrahepatic duct from the gallbladder usually will result in 
dilatation mainly proximal to the stone [34], whereas in OCH 
the extrahepatic ducts both proximal and distal to the stone 
are dilated diffusely regardless of the level of the stone [33, 
35]. 

Clonorchiasis, another prevalent infestational disease in the 
same endemic areas, causes diffuse dilatation of the intrahe- 
patic bile ducts with no or minimal dilatation of the large bile 
ducts; these changes are easily recognizable on sonography 
[18], CT [36], and cholangiography [37, 38]. Periductal 
changes are encountered in both diseases, but are much 
more severe in clonorchiasis. Stones and flukes of C. sinensis 
can be differentiated easily. 

In biliary obstruction by malignant tumors along the bile 
ducts, including cholangiocarcinoma and cancer of the pan- 
creas or ampulla of Vater, the entire biliary tree proximal to 
the mass is dilated, including peripheral intrahepatic bile ducts, 
and an obstructing mass can be detected [1, 18, 38]. 

Sclerosing cholangitis may show bile duct dilatation and 
thickening of all of the bile ducts, but dilatation is focal and 
discontinuous, sometimes having a beaded appearance and 
serpiginous course [39]. 

Caroli disease is a developmental anomaly in which there 
is segmental saccular dilatation of the intrahepatic ducts. This 
results in stasis, cholangitis, liver abscess, and stone forma- 
tion. The clinical picture is similar to that of OCH, but it occurs 
in a younger age group. Differentiation is possible by noting 
the dilated saccules in the intrahepatic bile ducts [40, 41]. 


Relative Roles of Imaging Tests 


Sonographic evaluation of extrahepatic bile duct dilatation 
is easy, although duodenal gas sometimes hinders the visu- 
alization of the whole segment, especially the distal common 
bile duct. Most intra- and extrahepatic stones are recognized 
easily. However, those stones that do not cast an acoustic 
shadow are difficult to recognize unless corresponding ducts 
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Fig. 15.—Remnant stone after surgical removal of some stones. 


C 


A, Sonogram of right hepatic lobe discloses a bandlike shadowing stone (arrows) filling posterior segmental bile duct. 

B, During surgery, several small pigmented stones were removed. Operative cholangiogram does not show any stone in biliary tree. Retrospective 
review suggests an area is devoid of bile ducts (missing duct sign, arrow) in lateral part of right hepatic lobe. 

C, T-tube cholangiogram discloses large stones packing markedly dilated posterior segmental duct of right hepatic lobe (arrows). Note hairpin turn o' 


posterior segmental duct joining right hepatic duct. 


are markedly dilated [10, 11]. Bile duct stricture cannot be 
demonstrated easily. In the presence of biliary pneumatosis, 
bile ducts and stones are difficult to assess [25, 29]. 

CT demonstrates the full extent of ductal abnormality [12]. 
Biliary dilatation and isolated segmental or subsegmental 
biliary dilatation can be recognized easily. However, it is 
relatively insensitive in depicting stones. Pneumatosis, paren- 
chymal enhancement, and segmental atrophy can be as- 
sessed by CT. However, biliary strictures, which usually are 
less than 1 cm long or are diaphragmlike, and ductal wall 
irregularities often are not diagnosed with CT [12]. 

Cholangiography is straightforward, as it directly delineates 
the biliary tree, including stones and strictures. However, 
sometimes it is difficult to visualize the whole biliary tree, 
especially when there is technical failure in the opacification 
of the whole biliary tree or obstruction due to ductal stricture 
or impaction of stones, leading to an erroneous normal inter- 
pretation. 

Sonography should be the main technique used for screen- 
ing and diagnosis in suspected OCH [10-12, 27, 29]. CT is 
not a screening procedure, but it is recommended when 
sectional imaging is mandatory but sonography is not confir- 
mative or is equivocal, when space-occupying lesions com- 
plicate OCH, when hepatic resection is planned, and when 
imaging guidance is needed for complex drainage procedures 
or formation of safe access to an anastomotic loop of a bowel 
[12]. Direct cholangiography, although invasive, is mandatory 
as a “road map” in patients undergoing surgical intervention, 
because the exact location and number of stones and bile 
duct strictures must be assessed preoperatively [6]. Cholan- 
giography is necessary for the detection of residual stones 
after surgery, assessment of biliary stricture and choledo- 
choenteric fistulas, and preprocedural biliary intervention [25, 
26]. 


Role of Interventional Radiology in the Management of 
Bile Duct Stones 


Surgery used to remove stones after acute cholangitis i: 
controlled [2, 9]. At surgery, an internal drainage procedure 
usually is essential [23-25]. In emergent cases with increasec 
risk of surgical mortality, biliary decompression with a percu 
taneous catheter is the procedure of choice. 

There are several nonsurgical means of treating bile duc 
stones and stricture. Flexible choledochoscopy and endo 
scopic papillotomy [42] have been used to remove postop 
erative residual stones. Recently, percutaneous removal o 
stones by basketing through a steerable catheter and balloor 
dilatation of stricture have been tried, and results were par 
tially successful [25, 26, 43]. 

Extracorporeal shock-wave biliary lithotripsy is a recog 
nized method for treating bile duct stones when other meth 
ods have failed; its success rate has been as high as 93% 
[44-46]. The technique may be useful as an adjunct t 
percutaneous radiologic technique. Nothing is perfect in thi 
management of bile duct stones in OCH, as was noted b' 
vanSonnenberg et al. [25]: “While surgical and radiologice 
techniques are jointly beneficial, the ultimate panacea for OCt 
may be medical control of biliary lithogenic factors.” 
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Right and Left Ventricular Stroke 
Volume Measurements with 
Velocity-Encoded Cine MR 
Imaging: In Vitro and In Vivo Validation 





The accuracy of measurements of flow velocity determined by using cine MR phase 
velocity mapping—velocity-encoded cine (VEC) MR—was assessed by comparing VEC 
MR data with independent measurements in a flow phantom and in human subjects. 
Constant flow velocities generated in a phantom (range, 20-408 cm/sec) were deter- 
mined correctly by VEC MR (r = .997, standard error of the estimate [SEE] = 7.9 cm/ 
sec). Peak systolic velocities in the main pulmonary artery determined by VEC MR 
correlated well with the measurements obtained by using continuous-wave Doppler 
echocardiography (r = .91). Stroke volumes measured at the aorta by VEC MR and 
continuous-wave Doppler imaging also correlated well with each other (r = .80). VEC 
MR measurements of aortic and pulmonary flow provided left and right ventricular stroke 
volumes that correlated well with left ventricular stroke volumes determined by short- 
axis cine MR images (r = .98, SEE = 3.7 ml, and r = .95, SEE = 4.8 ml, respectively). 
Intra- and interobserver variabilities were small for both left and right ventricular stroke 
volumes as measured with VEC MR. 

These results indicate that VEC MR accurately and reproducibly measures aortic and 
pulmonary flow velocities and volumes in the physiologic range of humans, and can be 
used to measure right and left ventricular stroke volumes under normal flow conditions. 
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Several methods [1-20] have been developed for measuring blood flow velocity 
with MR that should augment the application of MR for the evaluation of cardio- 
vascular diseases. All MR flow techniques are classified into two major categories: 
time-of-flight techniques [2-4] and phase-modulation techniques [5-20]. In the 
phase-modulation techniques, phase velocity mapping [7-16] provides two-dimen- 
sional velocity maps of blood flow in a vascular cross section. Accordingly, the 
volume of blood flow is derived from the product of vascular cross-sectional area 
and flow velocity. The phase techniques also can be combined with gradient-echo 
cine imaging sequences and, consequently, provide velocity maps with high tem- 
poral resolution. This technique is called velocity-encoded cine (VEC) MR [9-13]. 
When it is used pulsatile flow can be segmented into many time frames throughout 
the cardiac cycle, and flow velocity at each frame is determined. 

Stroke volume ejected from the left or right ventricle can be determined from 
time-integrated measurements of flow volume in the ascending aorta or pulmonary 
artery by using VEC MR. A noninvasive method for measuring biventricular stroke 
volume could be useful for monitoring global function of the two ventricles, 
measuring left-to-right shunts, and measuring regurgitant volume. The accuracy of 
flow measurement depends mainly on the following two factors: measurements of 
flow velocity and vascular cross-sectional area. Theoretically, the accuracy of 
velocity quantification with phase techniques may be influenced by the magnitude 
of velocity and higher-order derivatives of position, such as acceleration or jerk [7, 
9]. Previous studies of phase-mapping methods have shown the accuracy of 
measuring constant flow velocity generated in a phantom [14-16]. However, the 
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ranges of velocities examined in these phantom studies were 
low compared with the velocity encountered in human physi- 
ologic states. Moreover, it has not been established if velocity 
of pulsatile flow can be measured accurately with phase 
techniques. The impact of flow turbulence, magnitude of 
velocity, and pulsatile flow pattern on the accuracy of velocity 
quantification with phase techniques has not been elucidated. 
Because this method may be useful for simultaneous meas- 
urement of stroke volumes in the right and left ventricles, it is 
necessary to define the accuracy of measurements of velocity 
and volume in humans and to determine that stroke volumes 
are equivalent for the two ventricles in normal subjects. 

Accordingly, the current study was intended to validate 
VEC MR through the following studies: VEC MR measure- 
ments of constant flow velocities in phantoms, with velocities 
corresponding to the normal physiologic ranges existing in 
humans; comparison of pulsatile flow velocities in the main 
pulmonary artery and aorta determined in control subjects by 
using VEC MR and Doppler echocardiography; and flow 
volume in the aorta and pulmonary artery obtained in normal 
subjects by using VEC MR with measurements of volume 
determined by cine MR ventricular volume and with each 
other. 


Materials, Subjects, and Methods 
Sequences of Cine MR and VEC MR 


An MR imager operating at 1.5 T (General Electric, Milwaukee, WI) 
was used for both in vitro and in vivo studies. For cine MR quantifi- 
cation of left ventricular volume, images were obtained in the cardiac 
short-axis plane, determined by double oblique angulation by using a 
flip angle of 30°, a TE of 5 msec, a TR of 20 msec, and a slice 
thickness of 10 mm, resulting in more than 16 time frames per cardiac 
cycle. The images were acquired by using a 128 x 256 matrix with 
a 32-cm field of view and displayed on a 256 x 256 matrix. 

VEC MR was performed by using a flip angle of 30°, a TE of 13 
msec, and a TR of 27 msec. Slice thickness, matrix size, field of 
view, and ECG gating were the same as for cine MR. Reconstruction 
of VEC data provides both a magnitude image (anatomic image) and 
a phase image (velocity mapping in the selected direction). 

VEC MR was performed by using a bipolar gradient pulse to 
modulate the phase of proton spins [5, 6]. In order to eliminate the 
phase shifts introduced by field nonuniformities and chemical-shift 
phenomena, each acquisition consisted of two interleaved cine ex- 
periments (Fig. 1). The two experiments were performed under 
different flow-encoding gradients along the same direction. Velocity 
encoding could be selected by the operator in either the slice-select, 
phase-encoded, or frequency-encoded direction. Subtraction of 
phase data of one experiment from those of the other resulted in 
cancellation of all phase shifts except those due to flow along a 
velocity-encoded direction. The phase difference between the two 
experiments is proportional to the velocity of flow in the velocity- 
encoded direction: 


A Phase = g X M X velocity, 


where g is a gyromagnetic ratio and M is the change in gradient 
moment in the two experiments. If the gradients of the two experi- 
ments are chosen so as to keep the phase shift less than 180° to 
avoid aliasing, the velocity component along the velocity-encoded 
direction can be determined directly from the phase difference and 
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Fig. 1.—Pulse sequence diagram for velocity-encoded cine MR. Each 
acquisition consisted of two interleaved cine experiments. The two exper- 
iments were performed by using different flow-encoding gradients along 
same direction. Broken lines represent flow-encoding gradients. Note that 
only one gradient axis will vary its flow-encoding gradients during a scan. 
Rephasing gradients were used in slice-select and read-out directions. 
freq = frequency. 


M. The peak velocity, which is the predicted highest velocity to be 
encoded, was selected by the operator before each acquisition over 
the range between +10 and —10 m/sec. If the actual maximum 
velocity exceeds the peak velocity selected by the operator, aliasing 
occurs, with resultant underestimation of the true maximum velocity. 
Of note, the current pulse sequences used mirror-image rephasing 
bipolar pulse gradients in the slice-select and read-out directions. 
These two sets of bipolar gradients were combined and formed three- 
lobed gradients (Fig. 1) [21]. These three-lobed gradients are effective 
in reducing signal loss caused by intravoxel spin-phase differences 
due to first-order derivatives of spin position [9, 22, 23]. 


Flow Phantom Experiments 


A flow phantom consisted of a tube 6 mm in internal diameter and 
water as the circulating fluid. Steady flow was generated by an 
electric pump in the velocity range of 20-408 cm/sec. Flow rates 
were measured repeatedly immediately before and after each exper- 
iment by timing the filling of a 1000- or 5000-mlI cylinder. Cross 
sections of the flow phantom were imaged with flow encoding in the 
slice-select direction (Fig. 2). Circular regions of interest were used 
for measurements. The size of the region of interest was set close 
to the actual cross-sectional area of the tube. Mean flow velocities 
ranging from 20 to 408 cm/sec were chosen so as to cover the 
human physiologic range of the aortic or pulmonary flow velocity 
[24]. The directly determined velocities were compared with the 
velocities determined by VEC MR. The degree of flow turbulence for 
different velocities used in the phantom was determined by calculation 
of the Reynolds number: Reynolds number = rVd/m, where r and m 
are the density and kinetic viscosity of the fluid, respectively, and V 
(cm/sec) and d (cm) are the velocity of the flow and diameter of the 
tube, respectively. For water, r = 1.0 g/cm° and m = 0.01 g + cm"! 
e sec’'. 


Subjects 


After giving informed consent, 12 volunteers 21-56 years old with 
no history of cardiac disease were examined. These 12 subjects 
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Fig. 2.—Coronal MR image of a flow phantom with a velocity-encoded 
phase reconstruction. Velocity was encoded along a frequency-encoded 
direction (vertical axis on image). Black signal indicates a flow direction 
from bottom to top on image; white one indicates flow in opposite direction. 
Transverse phase image of same phantom with velocity encoded along a 
slice-select direction was used for velocity measurements. Arrows indicate 
position of transverse slice. 


underwent cine and VEC MR studies sequentially on the same day. 
Six of the 12 also underwent Doppler echocardiography within 2 
weeks of the cine and VEC MR studies. 


Left Ventricular Stroke Volume with Cine MR 


After short-axis tomograms encompassing the entire left ventricle 
were obtained, end-diastolic and end-systolic time frames were de- 
fined as the largest and smallest areas of the blood pool, respectively, 
on each slice. Because the window and level settings can be critical 
for visual edge detection, the window width setting on the display 
was standardized to the difference of the signal intensities between 
the myocardium and blood pool. The level of the display was set as 
[(0.25 x window width) + myocardial signal intensity]. Left ventricular 
volumes were calculated by adding chamber cross-sectional areas 
multiplied by slice thickness. Left ventricular stroke volume was 


Fig. 3.—A, Ascending aorta (arrows) was iden- 
tified on transverse magnitude images (anatomic 
images) at level that traversed center of main 
pulmonary artery, and its area was traced man- 
ually. In addition, diameter of main pulmonary ar- 
tery (D) was measured to calculate cross-sectional 
area as (D/2)* x r. 

B, Same region of interest as in magnitude 
image was applied to corresponding phase image 
(velocity-encoded image in slice-select direction), 
and mean pixel value in region was measured. 
Each pixel has a value proportional to velocity of 
flow within it. 

C, Flow velocity in main pulmonary artery was 
measured separately at slice above pulmonary 
valve. 
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obtained as the difference between end-diastolic and end-systolic 
volumes. 


Quantification of Left and Right Ventricular Stroke Volumes 
with VEC MR 


Measurements of both aortic and pulmonary blood flow values 
were measured on two separate axial scans by using VEC MR. The 
slice level for aortic flow measurements was determined as the level 
of the center of the main pulmonary artery defined on oblique sagittal 
images. The direction of velocity encoding was selected along the 
slice-select gradient. The predicted peak velocity was set as 150 or 
175 cm/sec. The ascending aorta was identified on each time-frame 
magnitude image, and its area was defined manually by using a 
circular region of interest (Fig. 3). The same region of interest was 
applied to the corresponding phase image, and the average pixel 
value in the region was measured. Because the pixel values on the 
phase image are directly proportional to flow velocity, the product of 
the cross-sectional area and average pixel value yielded the instan- 
taneous flow volume for each frame. Stroke volume through the 
ascending aorta was obtained by summation of instantaneous flow 
volume for all frames throughout the cardiac cycle (Fig. 4). 

Pulmonary flow was determined in a similar manner. The location 
of axial slices for measurements of pulmonary flow was determined 
to cross a reference point defined as 10-15 mm above the center of 
the pulmonary valve on oblique sagittal images. Thereafter, the line 
sectioning the pulmonary artery perpendicularly at the reference point 
was drawn, and then the direction of the pulmonary flow was defined 
as crossing the line perpendicularly. The angle 4 between the flow 
direction and velocity-encoded direction was measured on the sagittal 
images. The area for measurements of velocity was defined manually 
on the axial velocity images, and the average velocity in the area was 
measured. In order to correct the effect of the angle f, the value of 
the velocity measured on the axial images was divided by cos 4. The 
correction by cos 0 of obliquely passing flow has been validated in 
previous phantom experiments in our laboratory. 

Theoretically, the same region of interest used for measuring 
velocity can be used for measuring pulmonary cross-sectional area. 
Our preliminary studies, however, showed that the magnitude images 
at the level for measurements of velocity were not always suitable 
for this purpose because in some cases the edge of the main 
pulmonary artery was blurred as a result of oblique sectioning of the 
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Fig. 4.—Graph shows representative profile of velocity of ascending 
aorta in a control subject. Cardiac cycle was divided into 16 frames. Product 
of cross-sectional area and mean velocity of aorta yielded instantaneous 
flow volume for each frame. Stroke volume was obtained by integration of 
instantaneous fiow volumes for all frames. First frame was delayed 32 
msec after R wave of ECG. 


vessel and resultant partial-volume averaging and spatial misregistra- 
tion [25], resulting in relatively high intra- and interobserver variabili- 
ties in measuring cross-sectional area. Therefore, we used the di- 
ameter of the main pulmonary artery at the same level that was used 
for the aorta, as the vascular edge was clear enough to be determined 
reproducibly in every case. The cross-sectional area of the vessel 
was calculated from the diameter of the main pulmonary artery (Fig. 
3). In seven subjects in whom the edge of the main pulmonary artery 
was clear at both levels of the axial images, the capability of this 
alternative method was assessed. Pulmonary flow volume deter- 
mined by the alternative method was not statistically different from 
that determined by the method using the same region of interest for 
velocity and cross-sectional area. 


Doppier Echocardiography 


Doppler echocardiography was performed in six subjects by using 
a commercially available instrument (Hewlett-Packard Sonos 1000, 
Andover, MA). Puimonic flow signals were obtained from the para- 
sternal short-axis view by using a 2.5-MHz duplex transducer with 
steerable continuous-wave Doppler capability. Aortic flow signals 
were obtained from the apical window by using a 1.9-MHz stand- 
alone transducer. Using the audio output and the spectral display, 
we described the ultrasound beam until the optimal signal was 
obtained. Ten cardiac cycles were recorded on videotape during 
suspended respiration at a sweep speed of 100 mm/sec for both 
aortic and pulmonic flows. The investigator who performed these 
studies did not know the results of VEC MR. 

Measurements of Doppler recordings were performed off-line by 
using a computer-assisted and phantom-calibrated digitization sys- 
tem (Freeland Medical Systems, Indianapolis, IN). The peak velocities 
and flow velocity integrals for pulmonic and aortic flows were aver- 
aged from 10 cycies. 

in order to determine stroke volume, a two-dimensionally directed 
M-mode echocardiogram was obtained through the leaflets of the 
aortic valve from the parasternal long-axis view. The maximum leaflet 
separation was measured in order to calculate stroke volume by 
using the method of Bouchard et al. [26] with the following formula: 
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Stroke volume = x x (AVD*/4) x (FVlaov), where AVD is the systolic 
leaflet separation on M mode measured in centimeters and FVlaov is 
the flow-velocity integral in centimeters. 


Statistical Analysis 


The paired t test was used for the comparison between the left 
ventricular stroke volumes determined by using VEC MR and volume 
measurements determined by using cine MR, for the comparison 
between the right and left ventricular stroke volumes determined by 
using VEC MR, and for the comparison between velocities deter- 
mined by using Doppler echocardiography and VEC MR. Linear 
regression analysis was used to compare cine and VEC MR deter- 
minations of left ventricular stroke volumes, as well as the right and 
left ventricular stroke volumes determined with VEC MR. The slope 
of this regression equation was compared with the expected value 
of 1 with the Student's t test [27]. Inter- and intraobserver variabilities 
were assessed with linear regression analysis. In addition, the mean 
and standard deviation of paired differences (|measurement 1 — 
measurement 2|/mean of the two measurements) was used for the 
comparison between Doppler and VEC MR velocities and between 
measurements made by the two observers. A p value less than .05 
was considered significant. 


Results 
Constant-Flow Phantom Studies 


In constant-flow phantom studies, a straight-line correlation 
was produced between directly measured and velocities de- 
termined with VEC MR in the range of 20-408 cm/sec (Fig. 
5). The standard error of the estimate (SEE) between these 
velocities was 7.9 cm/sec. The range of the Reynolds num- 
bers corresponding to the velocities was 1340-24,480. The 
signal intensity of the flowing water on magnitude images 
was suppressed substantially at velocities higher than 288 
cm/sec. However, phase signal still could be recognized on 
corresponding phase images, and the velocities were deter- 
mined correctly up to 408 cm/sec. 
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cm/sec 
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y= 0.994x + 0.276, r = 0.997, 
SEE = 7.9 crvsec 
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Fig. 5.--Graph shows correlation between flow velocity determined by 
using velocity-encoded cine MR and directly determined velocity for a 
constant flow phantom. SEE = standard error of the estimate. 
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Comparison with Doppler Measurements 


Heart rates at the time of MR and Doppler examinations 
were not significantly different from each other (72 + 10 vs 
70 + 11 beats/min). Maximum velocity in the main pulmonary 
artery at peak systole determined by VEC MR (97 + 24 cm/ 
sec [mean + SD]; range, 82-145 cm/sec) was not significantly 
different from that obtained by using continuous-wave Dop- 
pler imaging (100 + 26 cm/sec; range, 76-151 cm/sec). 
Linear regression analysis showed good correlation between 
results of VEC MR and Doppler echocardiography (r = .91). 
Peak aortic systolic velocity determined by using continuous- 
wave Doppier imaging was significantly higher than that de- 
termined in the ascending aorta by using VEC MR (125 + 15 
vs 98 + 10 cm/sec). However, left ventricular stroke volumes 
measured by using continuous-wave Doppler imaging and 
VEC MR were not significantly different (70 + 10 vs 70 + 8 
mi) and correlated well with each other (r = .80). 


Right and Left Ventricular Stroke Volume and Cardiac Output 


Mean left ventricular stroke volumes determined by using 
VEC and cine MR were 68 + 14 and 69 + 12 mi, respectively. 
Cardiac outputs determined by both methods were the same 
(4.4 + 0.4 I/min). The left ventricular stroke volumes deter- 
mined by VEC MR correlated well with the stroke volume 
measured from cine MR images (r = .98, SEE = 3.7 ml) (Fig. 
6). The slope of the regression equation (1.13) was not 
significantly different from 1. 

The average velocity in the cross section of the main 
pulmonary artery at peak systole was significantly lower than 
the maximum velocity in the same area (67 + 12 vs 97 + 24 
cm/sec) as determined by VEC MR. Mean right ventricular 
stroke volume measured with VEC MR was 69 + 13 ml, 
which was not significantly different from the left ventricular 
stroke volumes determined by using VEC MR. The stroke 
volumes of both sides of the heart determined by using VEC 
MR also correlated closely (r = .95, SEE = 4.8 ml) (Fig. 7). 
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Fig. 6.—Graph shows correlation between left ventricular stroke vol- 
umes (LVSV) measured by using velocity-encoded cine MR (VEC) and 
those measured by using cine MR to determine difference of end-diastolic 
and end-systolic volumes. SEE = standard error of the estimate. 
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Fig. 7.—Graph shows correlation between right (RVSV} and left (LYS¥) 
ventricular stroke volumes determined by using velocity-encoded cine MR 
(VEC). 


The slope of the regression equation (0.87) was not signifi- 
cantly different from 1. 


inter- and Intraobserver Variability 


Inter- and intraobserver variabilities were small for both left 
and right ventricular stroke volumes determined by using VEC 
MR (Figs. 8 and 9). Parameters indicating interobserver vari- 
ability were as follows: r = .98, SEE = 3.9 mi for left ventricular 
stroke volumes andr = .92, SEE = 6.8 mi for right ventricular 
stroke volumes. Means and standard deviations of paired 
differences are shown in Table 1. 


Discussion 


This study showed the accuracy of VEC MR measurements 
of flow velocity of both in vitro constant and in vivo pulsatile 
flows. Right and left ventricular stroke volumes measured by 
using VEC MR had values similar to each other and were 
comparable to the left ventricular stroke volurne determined 
by using cine MR volumetric analysis. It should be noted that 
VEC MR and other MR techniques for measuring blood flow 
do not measure blood flow changes on a beat-to-beat basis. 
The data for these flow measurements are acquired over 
128-256 heartbeats and represent an average for this period. 
Blood flow can be presented in a phasic fashion for an average 
cardiac cycle by plotting flow for each of the multiple images 
corresponding to this cardiac cycle. Instantaneous measure- 
ment of beat-to-beat variations in cardiac output can be 
accomplished by Doppler echocardiography in humans and 
experimental use of hot wire anemometry and electromag- 
netic or Doppler flowmeters. 

The constant flow velocities were measured accurately over 
a wide range (20-408 cm/sec). This range covers the peak 
velocity in the ascending aorta or main pulmonary artery 
encountered in normal subjects [24]. Previous studies with 
phase techniques examined the velocity up to only 100 cm/ 
sec [14, 15, 23]. In a previous study the authors suggested 
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Fig. 8.—Graph shows correlation between measurements of left ven- 
tricular stroke volume (LVSV) obtained by observers 1 and 2. VEC = 
velocity-encoded cine MR, SEE = standard error of the estimate. 
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Fig. 9.—Graph shows correlation between measurements of right ven- 
tricular stroke volume (RVSV) obtained by observers 1 and 2. VEC = 
velocity-encoded cine MR, SEE = standard error of the estimate. 


that measurements of velocity became unreliable at about 30 
cm/sec owing to the onset of turbulence [14]. Another phase- 
modulation technique that used Fourier flow imaging methods 
measured flow velocity up to 90 cm/sec; however, higher 
velocity could not be quantified because of the signal loss 
caused by intravoxel dephasing [18]. For accurate MR meas- 
urements of high flow velocities, two phenomena may be 
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important: signal loss due to high velocity itself and flow 
turbulence. 

At high flow velocities, signal loss can be caused by velocity 
dispersion and concomitant phase dispersion within a voxel 
[9, 28]. The ability to measure flow by phase techniques 
depends on the presence of signal from flowing material. This 
factor is critical because it precluded flow measurements at 
high velocity (>90 cm/sec) in normal carotid arteries in pre- 
vious studies [18]. In order to minimize signal loss, a rephas- 
ing gradient, which is a magnetic-field gradient designed to 
reduce phase-angle shift close to zero at the TE, is used [9]. 
These rephasing gradients are effective not only for compen- 
sation of intravoxel inhomogeneity of constant velocity but 
also for that of odd-order derivatives of position [9]. The 
sequences in our study used three-lobed rephasing gradients, 
and the signal was maintained at velocities up to 260 cm/sec. 
Signal on magnitude images at velocities higher than 288 cm/ 
sec generated by the flow phantom was partially suppressed 
compared with signal on magnitude images at lower veloci- 
ties. Interestingly, the velocity was determined correctly on 
phase images despite the partial loss of signal on the magni- 
tude images. The results suggest that loss of signal on the 
magnitude image may not lead directly to errors in VEC MR 
measurements of velocity. Although even-order derivatives of 
position also produce phase dispersion and concomitant sig- 
nal loss, this effect may be minimized by decreasing the TE. 
Therefore, our sequences might be improved by reducing the 
TE to minimize signal loss encountered at extremely high 
velocities. 

In the present phantom study, Reynolds numbers ranged 
from 1340 to 24,480. For constant flow, transition from 
laminar to turbulent flow usually occurs when the Reynoids 
number is greater than 2500 [29]. Meier et al. [14] showed 
that flow quantification by using MR phase techniques was 
incorrect when the Reynolds number exceeded about 3000 
in phantom experiments. They supposed that the inaccuracy 
was caused by turbulence. However, our results did not show 
such inaccuracy even at the highest flow with a very high 
Reynolds number (24,480). Our results were supported by a 
recent report [23] in which phase techniques could measure 
constant flow correctly with a Reynolds number near the 
critical value between laminar and turbulent flow. The reason 
for the discrepancy between our results and the results of 
Meier et al. may be related to differences of the sequences 
for velocity encoding. Our sequences used two alternating 
experiments with different gradient strengths for velocity en- 
coding. Subtraction of the two experiments provides phase 
velocity data for velocity measurements in a specified direc- 


TABLE 1: inter- and Intraobserver Variability in Ventricular Stroke Volumes Determined by Using Velocity-Encoded Cine MR 
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Volume Measured 
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tion. In contrast, their sequences used the same gradients as 
those used for conventional two-dimensional Fourier trans- 
formation imaging for velocity encoding. The sequences have 
sensitivity to flow in both slice-select and read directions. 
Moreover, differently encoded phase velocity data sets were 
not subtracted. Therefore, their sequences are quite sensitive 
to flow problems both within and perpendicular to the imaging 
plane [15]. With turbulent flow, velocity components that are 
transverse to the main direction of flow occur. The flow in the 
direction of the imaging plane can add erroneous phase shift 
to the results [7]. Our results suggest that the sequences 
with three-lobed rephasing gradients and subtraction of dou- 
ble phase data may be effective in avoiding signal loss and 
minimizing the effect of turbulence. These options may be 
very important for the application of phase techniques to in 
vivo flow measurements. 

Our study determined the accuracy of measurements of in 
vivo velocity obtained by using phase techniques. Peak sys- 
tolic velocity in the main pulmonary artery determined by 
using VEC MR showed similar values when compared with 
those obtained by using continuous-wave Doppler echocar- 
diography. In contrast, peak systolic velocity at the left ven- 
tricular outflow tract determined by using continuous-wave 
Doppler imaging was higher than that at the ascending aorta 
obtained by using VEC MR. The discrepancy between the 
values for velocities at the main pulmonary artery and aorta 
may be related to the selection of location for measurements 
of velocity. For the measurements of pulmonary flow, the 
Doppler ultrasound beam was through the pulmonary valve, 
and the location for VEC measurements was close to the 
pulmonary valve. However, for the aorta, the ultrasound beam 
was through the aortic valve. The maximum velocity meas- 
ured by continuous-wave Doppler imaging across the aortic 
valve reflects the velocity at the narrowest point along the 
ultrasound beam [26]. This point most likely corresponds to 
the actual orifice of the aortic valve. Therefore, the locations 
of Doppler and VEC MR measurements may be apart by 
more than 5 cm; one was at the aortic vaive orifice and the 
other was in the ascending aorta at the right pulmonary 
arterial level. interestingly, despite the differences in aortic 
flow velocities, stroke volumes determined by the two meth- 
ods were close to each other. Our results agree with the 
principles of mass conservation of flowing material [30]. 

The current result of the main pulmonary artery velocity 
suggests that the pulsatile flow profile has only a limited effect 
on the accuracy of VEC MR measurements of flow. The 
combination of the subtraction of differently encoded phase 
data sets and three-lobed rephasing gradients reduced to 
some extent the effect of acceleration [23]. Numeric analysis 
of the relation between spin phase and velocity and acceler- 
ation of flow has shown that the impact of the acceleration 
term on measurements of velocity can be estimated to pro- 
duce less than 10% error under human physiologic conditions 
[14, 23]. Furthermore, detailed analysis of the relation [14] 
showed that the acceleration term may shift velocity profiles 
during systole less than 5 msec earlier if the acceleration term 
is taken into account. This effect has no influence on meas- 
urements of aortic flow volume [14]. Therefore, at least under 
physiologic conditions, the effect of acceleration may not be 
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significant for in vivo flow and velocity measurements made 
by VEC MR. 

We used a correction to compensate for the angie between 
the velocity-encoded direction and flow axes. Previous in vitro 
phantom studies in our laboratory showed that the effect of 
the obliquity (#) between the flow and velocity-encoded direc- 
tions could be corrected by using cos 4 within the range of 
~40° to +40° (unpublished data). Because the angle 4 be- 
tween pulmonary flow and the velocity-encoded direction in 
the present study ranged from 25° to 38°, the correction was 
applied to the in vivo study. The current results suggest that 
the correction was also feasible for in vivo velocity quantifi- 
cation. 

In regard to the angulation issue between flow and velocity- 
encoded directions, a previous study [15] using MR phase 
techniques showed that significant errors in quantification 
(>50%) were made if the obliquity was as little as 10° between 
the imaging plane and the flow direction. In that case, velocity 
was overestimated rather than underestimated on MR, and 
correction by cos f seemed to be ineffective. The sequences, 
however, used single scans and did not use the subtraction 
of differently encoded phase data sets. Again, this method is 
quite sensitive to flow within as well as perpendicuiar to the 
imaging plane, resulting in intravoxel mixing of various phase 
shifts along both directions. Single-scan techniques require 
perfectly perpendicular sectioning of a vessel for correct 
quantification of flow [15], and this may preciude clinical use. 
in contrast, the technique in our study is sensitive only to the 
flow along a defined direction and seems to be more feasible 
for quantification of flow in vivo. 

The correction of the effect of angulation by the cosine 
function, however, may not be effective for smali vessels with 
high flow velocity. Such angulation may cause partial-volume 
averaging and spatial misregistration of velocity phase data 
on phase images [23], which may lead to substantial error. 
Therefore, perpendicular sectioning of the vessel may be more 
advisable for measurements of velocity in small vessels. 

Aortic and pulmonary flow volumes were determined cor- 
rectly by using VEC MR. Our results were consistent with 
those of a previous study [10] in which phase techniques 
were used. The flow volume determined by using VEC MR is 
derived from average velocity in the cross section of a vessel 
rather than the velocity at a given point in a vessel. Several 
methods for quantification of flow, such as Doppler echocar- 
diography [30] and catheter-tip transducers [31], use the 
velocity at a single point instead of the velocity at every point 
in a vessel and, therefore, depend on an assumption of a flat 
velocity profile in a vascular cross section [31, 32]. in addition, 
these methods also need another assumption that the cross- 
sectional area of a vessel is constant throughout a cardiac 
cycle [31, 32]. Conversely, VEC MR provides pixel-based 
velocity mapping and measurements of cross-sectional areas 
of measurement at each instance and thus obviates such 
assumptions for quantification of flow volume. interestingly, 
our study showed that maximum and average velocities in 
the cross section of the main pulmonary artery were substan- 
tially different. These findings suggest that even in a normal 
pulmonary artery, the velocity profile in the vascular cross 
section may not be perfectly flat. Dependency of velocity 
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measurements on sampling site, which seems to be an inher- 
ent limitation of the method used in Doppler echocardiogra- 
phy, may lead to a substantial error in quantification of flow 
under pathologic conditions with highly inhomogeneous ve- 
locity profiles in a vascular cross section. 

To date, the limitation of VEC MR has been related to the 
signal loss caused by severe dephasing within a voxel [11]. 
Although the rephasing gradient is effective for reducing the 
dephasing caused by nonuniform constant velocity in vascular 
cross section [9], severe dephasing still is produced by highly 
disordered flow or extremely fast flow, such as in the case of 
valvular stenosis or regurgitation. Even in control subjects, 
signal loss, which may be produced by eddy flow during 
systole, frequently was recognized during early systole behind 
the aortic cusps in the sinus of Valsalva. Therefore, the 
location of the slice for measurements of velocity should be 
selected carefully to avoid such signal loss. The signal loss 
caused by the intravoxel dephasing should be minimized by 
shortening the TE. Another option for MR measurements of 
flow is based on time-of-flight effects [2-4]. Although time- 
of-flight methods may be more resistant to intravoxel dephas- 
ing [4], they can provide information on the movement of a 
tracked bolus only. Two-dimensional velocity profiles in a 
vessel cannot be determined. Therefore, correct determina- 
tion of velocity at every point in a vascular cross section 
would be difficult with time-of-flight methods. Although three- 
lobed rephasing gradients and subtraction of differently en- 
coded phase data sets are effective for quantification of 
velocity, the tradeoff of these options is to decrease time 
resolution. The actual time resolution of the current se- 
quences is 54 msec (twice the TR), which may not be short 
enough in patients with very short RR intervals. If TE is 
decreased, TR will be decreased, and, consequently, time 
resolution will be improved. 

in summary, our study indicates that VEC MR is accurate 
for measuring aortic and pulmonary flow values in control 
subjects. This result was supported by the accuracy in quan- 
tification of in vitro constant and in vivo pulsatile flow veloci- 
ties. Further technical development may be required for the 
application of this technique to measurement of extremely 
fast or disordered flow. 
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Case Report 





Traumatic Rupture of the Diaphragm Without Visceral 


Herniation: CT Diagnosis 


Diane G. Holland’? and Leslie E. Quint! 


Controversy exists regarding the usefulness of CT in the 
diagnosis of traumatic rupture of the diaphragm [1-3]. No 
large studies concerning the accuracy of CT in this setting 
have been done, either in patients with or in those without 
visceral herniation. Two case reports in the literature show 
discontinuity of the left hemidiaphragm on CT with visceral 
herniation [4, 5]. We describe a case in which a posttraumatic 
left-sided diaphragmatic rent was shown on CT in the absence 
of visceral herniation. 


Case Report 


A 29-year-old man sustained a blow to the left side of the chest 
wall in a motor vehicle accident. Physical examination disclosed a 
lower left-sided flail chest. A portable supine chest radiograph showed 
left-sided basilar air-space disease and multiple left lateral rib frac- 
tures, with no definite pneumothorax. 

A CT examination performed 4 hr after the accident showed a left- 
sided pneumothorax, bilateral pleural fluid collections, bibasilar ate- 
lectasis, and fractures of several lower left lateral ribs. Fat was 
present in the lower left hemithorax, immediately anterior to atelec- 
tatic lung (Fig. 1A) and lateral to the left hemidiaphragm (Fig. 1B). An 
abrupt discontinuity of the left hemidiaphragm was adjacent to the 
rib fractures; the two edges of the diaphragmatic rent were clearly 
outlined by adjacent fat (Fig. 1C). Traumatic rupture of the left 
hemidiaphragm was diagnosed. 

Despite the patient’s stable clinical status, the CT findings led to 
laparotomy 26 hr after the injury. The surgeon found a large tear of 
the posterolateral portion of the left hemidiaphragm. Portions of 
stomach, omentum, and spieen had herniated through the diaphrag- 


matic rent. A search for additional intraabdominal injuries revealed 
only a hematoma of the gastrosplenic ligament. The abdominal con- 
tents were reduced, and the diaphragmatic rent was repaired without 
complication. The patient's postoperative recovery was unremarka- 
ble. 


Discussion 


Although chest radiography has a primary role in screening 
for diaphragmatic injury, it is often inconclusive [6]. Approxi- 
mately 85% of patients with a ruptured hemidiaphragm have 
abnormal findings on chest radiographs, but only one third of 
these radiographs show pathognomonic evidence of a dia- 
phragmatic tear, such as bowel loops or a nasogastric tube 
in the chest [2]. Other abnormalities suggestive but not 
diagnostic of diaphragmatic injury include an indistinct or 
elevated hemidiaphragm, hemothorax, pneumothorax, rib 
fractures, and pulmonary contusion [2, 6]. The nonspecificity 
of these findings contributes to the frequent initial misdi- 
agnosis of diaphragmatic tears. 

Current CT scanners, with fast scanning times and conse- 
quently little motion artifact, facilitate direct visualization of 
the diaphragm. in cross section, the intact left hemidiaphragm 
usually appears as a continuous, curvilinear structure of soft- 
tissue density outlined by lung superiorly and subdiaphrag- 
matic fat inferiorly. The right hemidiaphragm is usually less 
well visualized, because it blends inferiorly with the liver, 
unless intervening fat or fluid is present [5]. Disruption of a 
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Fig. 1.—Contrast-enhanced CT (10-mm-thick contiguous sections, 2.0-sec scanning time) of left hemidiaphragmatic rupture. 

A, Left rib fracture (arrow), air in left side of chest wall, and left-sided hemothorax (H) are visible. Fat (F) anterior to atelectatic lung (L) is consistent 
with herniated omentum. 

B, An intact portion of left hemidiaphragm (arrowheads) is visible, outlined on both sides by fatty tissue. 

C, Scan obtained farther caudad shows medial and lateral edges of left hemidiaphragmatic rent (arrowheads) immediately adjacent to a fractured rib 
(arrow). 


hemidiaphragm may appear as an abrupt discontinuity, with 
the edges of the tear outlined by fat and possibly by lung. In 
patients with suboptimal diaphragmatic visualization or equiv- 
ocal findings of diaphragmatic rupture, thin sections (e.g., 3- 
5 mm) may be useful for better anatomic definition. 

The accuracy of CT in diagnosing diaphragmatic rupture is 
controversial. In a retrospective review of 33 cases of blunt 
diaphragmatic injury, Voeller et al. [2] found CT to be an 
insensitive method of diagnosing diaphragmatic tears. How- 
ever, only four patients were evaluated by CT, and the CT 
technique was not described or illustrated. In a study of 196 
patients examined with CT for abdominal trauma, Kearney et 
al. [1] found CT to be 99% accurate for diagnosing diaphrag- 
matic disruption; two of 196 patients had proved diaphrag- 
matic rupture at laparotomy. Presence or absence of visceral 
herniation was not specified in either of these studies. 

Case reports by Heiberg et al. [5] and Demos et al. [4] 
show CT examples of abrupt discontinuity of the medial 
portion of the hemidiaphragm. Both cases had associated 
abdominal visceral herniation. In our patient, the CT study 
showed both the medial and the lateral margins of the dia- 
phragmatic rent. Although a small amount of omental tissue 
had herniated through the tear, no visceral herniation was 


seen during the CT examination. Visceral herniation probably 
was delayed, occurring during the 22-hr interval between the 
CT study and surgery. 

Abdominal CT scanning in acute trauma can occasionally 
show diaphragmatic disruption before visceral herniation, 
leading to early surgical intervention and averting the poten- 
tially life-threatening complications of an undiagnosed hernia- 
tion. 
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Case Report 





Delayed Appearance of Localized Pericardial Effusion 


After Cardiac Surgery 


Hidetoshi Miyake,’ Soji lwanaga,' Koji Suzuki,’ Michiko Shiga,’ Hisayuki Aikawa,’ Hiromu Mori,’ and 


Osamu Shigemitsu? 


A localized bulge of the heart border due to pericardial 
effusion is usually seen on chest radiographs within a month 
after cardiac surgery and resolves soon after [1-3]. However, 
the effusion may rarely occur a month or more after cardiac 
surgery [4, 5]. We report a case of apparent delayed onset 
of localized pericardial effusion after cardiac surgery, mani- 
festing initially as a localized bulge of the cardiac contour on 
chest radiographs. 





A 


Case Report 


A 55-year-old man had a mitral valve replaced because of mitral 
regurgitation. Chest radiographs obtained every 2 months after sur- 
gery showed a normal left border of the heart until 11 months after 
surgery, when a chest radiograph showed a bulge of the left border 
(Fig. 1A). The patient was asymptomatic, and laboratory data were 
normal. Echocardiography showed a pericardial effusion next to the 
left atrium and ventricle. CT revealed a localized pericardial effusion 


Fig. 1.—55-year-old man with localized pericardial effusion of delayed onset after cardiac surgery. 
A, Chest radiograph obtained 11 months after mitral valve replacement shows a focal bulge (arrows) in left border of heart. 
B and C, Enhanced CT scans revealed a loculated unilateral pericardial effusion (asterisk) lateral to left atrium and posterolateral to left ventricle. 
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lateral to the left atrium (Fig. 1B) and posterolateral to the left ventricle 
(Fig. 1C). Pericardial windows were created surgically, and 180 ml of 
serosanquineous pericardial fluid was evacuated. No organisms grew 
from the cultured fluid. 


Discussion 


Pericardial effusion is common after cardiac surgery. The 
effusion usually occurs immediately after surgery and reaches 
its largest size by the 10th day after surgery [1-3]. Delayed 
cardiac tamponade is an uncommon but well-described con- 
dition that occurs in 0.1-6.0% of patients [4, 5]. Delayed 
onset of pericardial effusion is unusual [4, 6]. 

Although the cause of delayed appearance of pericardial 
effusion after cardiac surgery is not clearly understood, pre- 
vious studies suggested that the effusions are related to 
postoperative anticoagulation, perioperative bleeding into the 
pericardial space, postoperative irritation of the pericardium 
by intrapericardial blood and subsequent formation of a re- 
action effusion, postpericardiotomy syndrome, and infectious 
pericarditis [4-6]. The patient described here had no symp- 
toms of postpericardiotomy syndrome, such as pericardial 
pain, friction rub, and low-grade fever. Schlesinger et al. [6] 
reported a patient with pericardial effusion that initially ap- 
peared 18 months after cardiac surgery. The effusion was 
presumed to have been due to viral pericarditis. in our case, 
traumatic (postoperative) pericarditis or viral pericarditis can- 
not be excluded. 
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Because of local stretching, weakness, or adhesions of the 
pericardium after cardiac surgery, an isolated pericardial ef- 
fusion is seen as a focal bulge of the heart's border on chest 
radiographs. Besides loculated pericardial effusion, this bulge 
is seen in patients with giant atrium, ventricular aneurysm, 
and pleural or pericardial mass such as a fibroma or benign 
mesothelioma or pericardial cyst. 
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The Prevalence of Carcinoma in 
Palpable vs Impalpable, 
Mammographically Detected 
Lesions 





Concern over excessive numbers of false-positive mammograms, leading to unnec- 
essary investigations and surgical interventions, has been cited as a barrier to mam- 
mographic screening for breast cancer. We compared the biopsy results from palpable 
vs impalpable, mammographically detected lesions from one experienced breast sur- 
geon’s practice from July 1980 through July 1989. Overall, there were 372 biopsies in 
346 women. Of 143 biopsies for palpable abnormalities, 48 (34%) yielded a primary 
malignant lesion. The length of the palpable cancers averaged 3.7 cm (median, 2.8 cm). 
Sixteen (33%) of the 48 biopsies were in patients who had positive axillary lymph nodes, 
and five (10%) were in patients who had distant metastases at the time of biopsy. Of 
229 biopsies for impalpable, mammographically detected lesions, 72 (31%) yielded a 
primary breast carcinoma. Excluding 34 carcinomas that had only calcifications, the 
length of the mammographically detected tumors averaged 2.0 cm (median, 1.5 cm). 
Eleven (15%) of the 72 biopsies were in patients who had positive axillary nodes, and 
none were in patients who had distant metastases at the time of biopsy. 

The positive predictive values (number of cancers detected divided by the number of 
biopsies recommended) were not significantly different when comparing biopsies indi- 
cated for palpable, clinically detected (34%) vs impalpable, mammographically detected 
(31%) abnormalities ( p = .669). However, the mammographically detected cancers were 
smaller, more often noninvasive (32% vs 4%), less often associated with axillary 
metastases (15% vs 33%), and without distant metastases (0% vs 10%). 
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A positive predictive value (number of cancers detected divided by the number 
of biopsies recommended), also referred to as true-positive biopsy rate, as low as 
10% has been considered reasonable in order to maximize the number of early 
cancers detected by screening mammography [1], and a wide range of true-positive 
biopsy rates have been reported in the literature [2-6]. However, concern over 
excessive numbers of false-positive mammograms leading to unnecessary inves- 
tigations and surgical interventions has been cited as one of the barriers to breast 
cancer screening with mammography, causing referring physicians not to order it 
[7]. Therefore, a less aggressive approach to mammographic interpretation has 
been recommended recently, yielding a true-positive biopsy rate as high as 40% 
[6]. Radiologists have been encouraged to audit their own practices to determine 
their own true-positive and false-negative biopsy rates [8]. When investigating 
biopsy rates for a local population of patients, it is of interest to know the true- 
positive rate for biopsies of palpable breast lesions and for impalpable ones, and 
to understand how the palpable clinically detected lesions differ from those impal- 
pable lesions detected solely with mammography. We undertook a retrospective 
study to compare the biopsy results in palpable vs impalpable, mammographically 
detected lesions from the practice of an experienced breast surgeon working with 
experienced mammographers. 
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Materials and Methods 


We reviewed the results of 372 biopsies in 346 patients all operated 
on by a single surgeon who specializes in breast disease in a 
university referral practice setting, from July 1980 through July 1989. 
The ages of the patients at the time of biopsy were from 18 to 85 
years, with a mean age of 54 years. Data abstracted from the medical 
records included clinical findings, mammographic interpretations, op- 
erative notes, and pathologic reports. All patients had mammograms 
before surgery. For the palpable lesions, mammograms had been 
used to exclude unexpected impalpable lesions, not to defer the 
biopsy of a suspicious palpable abnormality. The surgeon complied 
with all recommendations for biopsy prompted by abnormal mam- 
mograms and all requests for sonography of masses for differentiation 
between cysts and solid masses. 

We defined positive predictive value as the percentage of women 
whose mammographic or clinical findings led to a biopsy that yielded 
a pathologic diagnosis of cancer (true positive/[true positive + false 
positive cases]) [9]. We compared the palpable with the impalpable 
lesions for positive predictive value, size of the cancer at the time of 
biopsy, status of the axillary lymph nodes, and presence or absence 
of distant metastases at the time of biopsy. The actual size (greatest 
dimension) of the masses was determined by examination of the 
excised specimen, or the size measured on mammograms when the 
size at pathologic examination had not been recorded, and on the 
basis of physical examination in four cases in which the palpable 
mass was not visible on mammograms and its size was not recorded 
at pathologic investigation. All impalpable lesions were removed by 
excisional biopsy after mammographically guided needle localization 
with direct needle placement or hookwire systems. We excluded 
women who had previous ipsilateral carcinoma from our study. 

The histopathologic diagnoses of the carcinomas detected by 
physical examination or mammography were recorded. In order not 
to overestimate the effectiveness of mammography, lobular carci- 
noma in situ, thought to be a marker for breast cancer risk rather 
than a direct precursor of carcinoma [10], and sometimes referred to 
as lobular neoplasia [11], was recorded as a benign lesion. 


Results 


Of the 372 biopsies, 143 (38%) were done because of a 
palpable mass and 229 (62%) were performed for impalpable, 
mammographically detected abnormalities. 


Palpable Lesions 


The women with palpable lesions ranged in age from 18 to 
85 years, with a mean age of 49 years. Of the 143 biopsies 
performed for palpable lesions, 48 yielded a primary breast 
carcinoma, for a positive predictive value of 34%. The age 
range for women with palpable carcinomas was 31 to 85 
years, with a mean age of 58 years. Palpable carcinomas at 
the time of biopsy ranged from 1.0 cm to 13.0 cm (average, 
3.7 cm; median, 2.8 cm) in greatest diameter. Sixteen (33%) 
of these patients with palpable carcinomas had positive axil- 
lary lymph nodes, and five (10%) had distant metastases at 
the time of biopsy. The histopathologic diagnoses of the 
palpable carcinomas included 38 invasive ductal carcinomas, 
five invasive lobular carcinomas, two invasive tubular carci- 
nomas, two noninvasive ductal carcinomas (ductal carcinoma 
in situ), and one colloid carcinoma. 
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Impalpable Lesions 


The age range of women with impalpable lesions was 32 
to 84 years, with a mean age of 56 years. There were 229 
biopsies of impalpable, mammographically detected lesions 
in 207 women. The majority (97%) of these impalpable lesions 
were found in asymptomatic women during screening mam- 
mography. Seventy-two of the 229 biopsies yielded a primary 
breast carcinoma, for a positive predictive value of 31%. The 
age range for the women with impalpable cancers was 32- 
84 years (median, 59 years). Excluding 34 carcinomas visu- 
alized only as calcifications, for which it was not possible to 
determine an accurate size in the absence of a tumor mass, 
the impalpable tumors ranged in size from 0.5 cm to 5.0 cm 
(average, 2.0 cm; median, 1.5 cm). Eleven (15%) of the 
patients with mammographically detected cancers had posi- 
tive axillary lymph nodes, and none had evidence of distant 
metastases at the time of biopsy. The histopathologic diag- 
noses of the impalpable carcinomas included 39 invasive 
ductal carcinomas, 23 noninvasive ductal carcinomas (ductal 
Carcinoma in situ), five colloid carcinomas, four invasive lob- 
ular carcinomas, and one invasive tubular carcinoma. 

No significant difference was found in the yield of carcino- 
mas detected for biopsies of palpable vs impalpable lesions 
(p = .669). However, a statistically significant (o < .001) 
greater percentage of cancers that were noninvasive or in- 
vasive but 1 cm or less in size with negative axillary lymph 
nodes were detected only by mammography. A statistically 
significant (p = .02) increase was found in the overall preva- 
lence of axillary nodal involvement and distant metastases for 
the palpable cancers at the time of diagnosis compared with 
those that were impalpable and mammographically detected. 

Tables 1 and 2 summarize the differences between the 
palpable and impalpable, mammographically detected carci- 
nomas. Table 3 records the mammographic findings on the 
impalpable lesions. Lobular carcinoma in situ was found in 
one of the biopsies of palpable lesions and in five of the 
biopsies of impalpable, mammographically detected lesions. 


Discussion 


It was estimated that in the United States in 1990, 150,000 
new cases of breast cancer would be diagnosed, and 44,000 
women would die of the disease [12]. Studies in the United 
States and Europe have shown that the number of deaths 
from breast cancer can be decreased through the use of 
screening mammography [13, 14]. The National Cancer Insti- 
tute (NCI), American Cancer Society, and many other profes- 
sional medical organizations recommend that women have 
regular mammograms after the age of 40 [15]. Despite the 
fact that mammography can save lives, the Mammography 
Attitudes and Usage Study, conducted in February 1990 for 
the Jacobs Institute of Women’s Health (an independent, 
nonprofit organization founded by the American College of 
Obstetricians and Gynecologists) with technical assistance 
from the NCI, reported that while almost two thirds of women 
had had at least one mammogram, less than one third of 
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TABLE 1: Comparison of Palpable and Impalpable Carcinomas in 372 Biopsies 








Number of cases” 

Number of carcinomas“ 

Average length (cm) of malignant masses + 
SD 

Median length (cm) of malignant masses 

Carcinomas with positive axillary nodes” 

Carcinomas with distant metastases*® 

Noninvasive cancers <1 cm with negative ax- 
ilary nodes? 

invasive cancers <1 cm with negative axillary 
nodes* 
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Palpable (%) __Impalpable (%) p Values" 
143 (38) 229 (62) mere 
48 (34) 72 (31) 669 
3.7 + 3.0 2021.3 239 
2.8 1.5° 183 
16 (33) 11 (15) 020 
5 (10) 0 (0) ~= 
6 (13) 34 (47) <.001 
4 (8) 11 (15) 259 
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* <.05 is statistically significant. Dash means not calculated. 


> Percentages are of total number of biopsies done (372). 


° Percentages are of total number of palpable or impalpable lesions. 

* Only 38 of the nonpalpable lesions had a measurable tumor mass; the other 34 were manifested only by 
calcifications. Therefore, the actual average size of impalpable cancers was much smaller than 2.0 cm. 

* Percentages are of number of palpable or impalpable carcinomas. 


TABLE 2: Histopathologic Diagnoses of Palpable vs Impalpable 
Carcinomas 
Gr SOR aE Pt RSE EAN SS SER a a e E E SEP 


Histopathologic 


Diagnosis Palpable (%) Impaipablie {(%) 
invasive ductal 38 (79) 39 (54) 
Noninvasive ductal 2 (4) 23 (32) 
infiltrating lobular 5 (10) 4 (6) 
Colloid 1 (2) 5 (7) 
Tubular 2 (4) 1 (1) 
Total 48 a 
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TABLE 3: Mammographic Findings of 229 Impalpable Lesions 


E E L S I RSA a NT CE EC TE a e aaa 
Mammographic Finding Benign (°%)° Malignant (%)? Total (%)° 


Calcifications only 109 (76) 34 (24) 143 (62) 
Mass only 22 (52) 20 (48) 42 (18) 
Mass with calcifications 3 (27) 8 (73) 11 (5) 
Architectural distortion 3 (43) 4 (57) 7 (3) 
Asymmetric density 3 (75) 1 (25) 4 (2) 
Neodensity 17 (77) 5 (23) 22 (10) 
Total 157 72 229 





* Percentage of total with this mammographic feature that were benign. 
° Percentage of total with this mammographic feature that were malignant. 
€ Percentage of total number of biopsies. 


women aged 40 years or older were following mammography 
screening guidelines [16]. 

Noncompliance with mammography recommendations is a 
complex problem that relates to barriers perceived by both 
referring physicians and their patients [7]. Perceptions of 
excessive numbers of biopsies for benign abnormalities, so- 
called unnecessary or avoidable biopsies, discourage physi- 
cians from ordering screening mammograms and discourage 
women from obtaining them [7]. Excessive numbers of biop- 
sies also increase the overall costs for breast cancer screen- 
ing with mammography, reducing its cost-effectiveness [17- 
19]. Therefore, it is important to achieve a biopsy rate that 


yields the greatest number of cancers and the fewest negative 
biopsies. Experienced radiologists have reported cancer de- 
tection rates of 23-32% for biopsies prompted by mammog- 
raphy [4, 5, 20]. It has even been suggested that a rate as 
high as 40% can be achieved without a detrimental effect in 
terms of long-term survival [6]. It is important that radiologists 
audit the results of biopsies recommended in their own prac- 
tice, not only to defend their practices but to improve their 
own effectiveness. An audit of mammography interpretation 
is an integral part of quality assurance programs for mam- 
mography and should be performed on a regular basis. The 
audit should include patients’ demographic data, follow-up of 
positive cases, follow-up of a sample of negative cases, 
tabulation of tumor stage, and individual results for each of 
the radiologists interpreting mammograms [20, 21]. 

in our study, the positive predictive values for the detection 
of breast carcinoma were not significantly different for palpa- 
ble lesions and for impalpable, mammographically detected 
lesions referred to our breast surgeon for evaluation. Thus, 
screening mammograms did not resuit in a larger percentage 
of negative or benign biopsies than did biopsy of dominant 
palpable masses. However, the lesions detected by mam- 
mography were more likely to be smaller and noninvasive and 
less likely to be associated with axillary metastases {Tables 
1 and 2). At the time of biopsy, none of the cancers detected 
only by mammography had undergone distant metastasis. 

Higher false-positive biopsy rates for both palpable and 
impalpable lesions have been published [22]. Because the 
surgeon and the radiologists in our study specialize in breast 
cancer detection and have many years of experience, the 
results are not representative of a typical practice. Over the 
years, efforts have been made by the surgeon and the radi- 
ologists to reduce the number of false-positive biopsies. 

Several strategies have been used to reduce the number 
of avoidable biopsies due to false-positive screening mam- 
mograms. One strategy is to do a complete workup for 
abnormalities found on screening mammograms, including 
the appropriate use of magnification mammography and spot 
compression applied over a suspicious area [23-25]. Another 
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strategy, the use of sonography for the evaluation of masses, 
eliminates the need for biopsies of most cysts [26]. Our 
surgeon used needle aspiration or sonography on palpable 
masses and sonography on mammographically detected 
masses so that no woman underwent open biopsy for a cyst. 
For lesions that show mammographic features with a high 
probability of benignity, such as masses smaller than 1 cm 
with sharp margins, and those that lack suspicious calcifica- 
tions, we are more likely to recommend periodic follow-up, 
rather than biopsy. Although these maneuvers have resulted 
in a high predictive value when we recommend biopsy for 
impalpable masses, we have been less successful in reducing 
the number of biopsies for benign calcifications, whose mam- 
mographic features are often nonspecific (Table 3). We rarely 
recommend biopsy of an impalpable asymmetric density that 
shows neither microcaicifications nor architectural distortion 
[6, 8, 27]. In the future, mammographically guided fine-needle 
aspiration biopsy is likely to play an expanded role in further 
reducing the need for excisional biopsies of impalpable, mam- 
mographically detected abnormalities [28-30]. 


ACKNOWLEDGMENT 


We thank Gil Fine, Department of Biostatistics, UCLA School of 
Public Health, for statistical assistance. 


REFERENCES 


1. Moskowitz M. Impact of a priori medical decisions on screening for breast 
cancer. Radiology 1989:171:605-608 

2. Rasmussen OS, Seerup A. Preoperative radiographically guided wire mark- 
ing of nonpalpabie breast lesions. Acta Radio! 1984;25:13-16 

3. Homer MJ. Localization of nonpalpable breast lesions: technical aspects 
and analysis of 80 cases. AJR 1983;140:807-811 

4. Gisvold JJ, Martin JK. Prebiopsy localization of nonpalpabie breast lesions. 
AJR 1984,143:477-481 

5. Meyer JE, Kopans DB, Stomper PC, Lindfors KK. Occult breast abnor- 
malities: percutaneous preoperative needle localization. Radiology 
1984; 150: 335-337 

6. Hall FM, Storella JM, Silverstone DZ, Wyshak G. Nonpaipable breast 
lesions: recommendations for biopsy based on suspicion of carcinoma at 
mammography. Radiology 1988; 167:353~358 

7. Howard J. Using mammography for cancer control: an unrealized potential. 
CA 1987;33:33~48 

8. Brenner RJ, Sickles EA. Acceptability of periodic follow-up as an alternative 
to biopsy for mammographically detected lesions interpreted as probably 
benign. Radiology 1989;171:645-646 


10. 


14. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


AJR:157, July 1991 


. Schmidt RA, Metz CE. Please be specific (letter). AJR 1990;154:1121- 


1122 

Page DL, Anderson TJ, Rogers LW. Carcinoma in situ (CIS). In: Page DL, 
Anderson TJ, eds. Diagnostic histopathology of the breast. New York: 
Churchill Livingstone, 1987:157-192 

Haagensen CD, Lane N, Lattes R, Bodian C. Lobular neoplasia (so-called 
lobular carcinoma in situ) of the breast. Cancer 1978;42:737-769 


. Silverberg E, Boring CC, Squires TS. Cancer statistics, 1990. CA 


1990;40:9~26 


. Shapiro S. Evidence on screening for breast cancer from a randomized 


trial, supplement. Cancer 1977;39: 2772-2782 


. Tabar L, Fagerberg CJG, Gad A, et al. Reduction in mortality from breast 


cancer after mass screening with mammography. Randomized trial from 
the Breast Cancer Screening Working Group of the Swedish National 
Board of Health and Welfare. Lancet 1985;1:829-832 


. Breast cancer screening guidelines agreed on by AMA, other medically 


related organizations. JAMA 1989;262:1155 


. Centers for Disease Control. Use of mammography—-United States, 1990. 


MMWR 1990;39:621~-630 


. Moskowitz M. Costs of screening for breast cancer. Radiol Clin North Am 


1987;25: 1031-1037 


. Cyrlak D. induced costs of low-cost screening mammography. Radiology 


1988:168:661-663 


. Eddy DM, Hasselblad V, McGirney W, Hendee W. The value of mammog- 


raphy screening in women under age 50 years. JAMA 1988:259:1512- 
1519 

Sickles EA, Ominsky SH, Sollitto RA, Galvin HB, Monticciolo DL. Medical 
audit of a rapid-throughput mammography screening practice: methodol- 
ogy and results of 27,114 examinations. Radiology 1990;175:323-327 
Murphy WA, Destouet JM, Monsees BS. Professional quality assurance 
for mammography screening programs. Radiology 1990:175:319~-320 
Spivey GH, Perry GW, Clark VA, Coulson AH, Coulson WF. Predicting the 
risk of cancer at the time of breast biopsy: variation in the benign to 
malignant ratio. Am Surg 1982;48: 326-332 

Sickles EA. Further experience with microfocal spot magnification mam- 
mography in the assessment of clustered breast microcaicifications. Ra- 
diology 1980;137:9-14 

Berkowitz JE, Gatewood MB, Gayler BW. Equivocal mammographic find- 
ings: evaluation with spot compression. Radiology 1989; 171 :369-371 
Tabar L, Dean PB. Teaching atlas of mammography, 2nd ed. New York: 
Thieme-Stratton, 1985 

Bassett LW, Kimme-Smith C, Sutherland LK, Gold RH, Sarti D, King W IIL. 
Automated and hand-held breast US: effect on patient management. 
Radiology 1987;165: 103-108 

Kopans DB, Swann CA, White G, et al. Asymmetric breast tissue. Radiol- 
ogy 1989;171:639-643 

Löfgren M, Andersson |, Bondeson L, Lindholm K, X-ray guided fine-needle 
aspiration for the cytologic diagnosis of nonpaipable breast lesions. Cancer 
1988;61: 1032-1037 

Dowlatshahi K, Gent HJ, Schmidt R, Jokich PM, Bibbo M, Sprenger E. 
Nonpalpable breast tumors: diagnosis with sterotaxic localization and fine- 
needie aspiration. Radiology 1989;170:427-433 

Ciatto 5, Del Turco MR, Bravetti P. Nonpalpabie breast lesions: stereotaxic 
fine-needle aspiration cytology. Radiology 1989;173:57-59 


Valerie P. Jackson’ 
Kris A. Dines’? 
Lawrence W. Bassett? 
Richard H. Gold? 
Handel E. Reynolds’ 


Received October 3, 1990; accepted after revi- 
sion January 7, 1991. 


' Department of Radiology, Indiana University 
School of Medicine, Wishard Memorial Hospital, 
1001 W. 10th St., Indianapolis, IN 46202. Address 
reprint requests to V. P. Jackson. 


? Department of Engineering and Technology, 
indiana University Purdue University at Indianapoiis, 
Indianapolis, IN 46202. 


* Department of Radiological Sciences, Iris Can- 
tor Center for Breast imaging, UCLA School of 
Medicine, 18033 Le Conte Ave., Los Angeles, CA 
90024. 


0361~803X/91/1571-0025 
© American Roentgen Ray Society 


25 


Diagnostic Importance of the 
Radiographic Density of 
Noncalcified Breast Masses: 
Analysis of 91 Lesions 





Radiographic density is considered an important feature in the evaluation of noncal- 
cified breast masses, yet no studies assessing its value have been published. The 
radiographic densities of 91 biopsy-proved, nonfatty, noncalcified breast masses were 
evaluated by three mammographers. The density determinations made by each observer 
were compared with the histologic outcome for the 51 benign and 40 malignant lesions. 
With the kappa statistic, interobserver agreement was relatively poor (0.22 to 0.49), and 
intraobserver agreement for one expert mammographer was 0.50. When the majority 
opinion of the mammographers was used, sensitivity was 48%, specificity was 80%, 
and both positive and negative predictive values were 66%. 

As a solitary feature in lesion analysis, mammographic density is difficult to assess 
and is of limited value for the prediction of the benign or malignant nature of noncalcified 
breast masses. 
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Radiographic density is considered an important feature in the evaluation of 
noncaicified breast masses. Masses that clearly contain fat are benign. it is widely 
believed that nonfatty, low-density radiopaque masses are usually benign, whereas 
most carcinomas are high-density lesions [1-4]. It is also generally assumed that 
density determination is relatively easy. However, no blinded studies evaluating the 
contribution of density to mammographic interpretation have been published. The 
purpose of this study was to evaluate observer agreement for the ciassification of 
radiographic density and to examine the value of such density determination in the 
prediction of the benign or malignant nature of noncalcified breast masses. 


Materiais and Methods 


Mammograms from 91 consecutive biopsy-proved, nonfatty, noncaicified breast masses 
were selected from the files of a single hospital. The cases were thought to be representative 
of the range of mammographic abnormalities commonly seen in practice. All circumscribed 
masses were examined sonographically to exclude cysts. Therefore, all lesions in this selected 
series were solid. In addition, lesions documented to be stable on previous mammograms for 
at least 2 years were excluded from the study. The single original contact mammography film 
that best depicted the lesion was chosen for the study. There were 91 films, with one mass 
on each film. All mammograms were obtained with one of two dedicated mammography 
units, a Philips Mammodiagnost-UM (Philips Medical Systems, Shelton, CT} or a Thomson- 
CGR Senographe 500T (GE Medical Systems, Milwaukee, WI). All imaging was performed 
with a molybdenum anode, reciprocating grid, OM-1 film and Min-R screens (Eastman Kodak, 
Rochester, NY), 28 or 30 kVp, and the same dedicated 3-min film processor. 

The films were randomized and sent for blind review to two highly experienced mammog- 
raphers and a third radiologist with 2 months of mammography experience. Each observer 
was asked to evaluate independently whether the density of each mass was less than, equal 
to, or greater than normal radiographically dense structures on the mammogram, such as 
nonfatty parenchyma, ducts, and blood vessels [1]. One of the experienced mammographers 
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blindly reevaluated ail of the cases 6 months after the first review to 
determine the intraobserver agreement. Inter- and intraobserver 
agreements were measured by using the kappa statistic [5]. Sensi- 
tivity and specificity of the density evaluation were calculated by 
comparing the evaluation with the pathologic diagnosis of the lesion 
[6]. For this, density scores of the masses were determined by using 
the consensus of at least two of the three observers. 


Results 


There were 51 benign and 40 malignant nonfatty, noncal- 
cified masses, one mass in each film evaluated. Thirty-seven 
(41%) of the masses were smooth and circumscribed; 29 
(32%) were circumscribed, but had one or more foci of 
indistinctness along their borders; and 25 (27%) were spicu- 
lated. Twenty-three (25%) of the masses were in fatty breasts, 
12 (13%) were in radiographically dense breasts, and 56 
(62%) were in mixed fatty/dense breasts. The masses ranged 
in size from 6 to 55 mm (mean, 19 mm; median, 16 mm). The 
mean size of the benign masses was 14.6 mm, and the mean 
size of the malignant tumors was 16.7 mm. By using Stu- 
dent's t test [7], we determined that this difference was not 
Statistically significant (p = .26). All of the malignant tumors 
were invasive ductal carcinomas except for one papillary 
carcinoma and one colloid carcinoma. 

When three categories of radiographic density (less than, 
equal to, or greater than density of normal parenchymal 
Structures) were used, the agreement between the three 
observers was low. Observers 1 and 2, the expert mammog- 
raphers, agreed only 51% of the time. We then grouped the 
densities into only two categories: (1) density less than or 
equai to and (2) density greater than the density of the normal 
parenchymal structures, as specified by Tabar and Dean [1]. 
As expected, the agreement improved. Observers 1 and 2 
agreed in 78% of cases (kappa = 0.42), 1 and 3 agreed in 
74% of cases (kappa = 0.49), and readers 2 and 3 agreed in 
58% of cases (kappa = 0.22). By convention, a kappa statistic 
of 0.40-0.75 is considered to reflect good reproducibility, 
whereas a kappa of less than 0.40 is considered to reflect 
marginal or poor reproducibility [5]. 

The density recorded by each observer was compared with 
the pathologic findings, as shown in Table 1. Because of the 
lack of a gold standard for the subjective determination of 
radiographic density, the density specified by at least two of 
the three observers (using only two density categories) was 


TABLE 1: Comparison of Pathologic Findings with 
Classification of Radiographic Density by Each Mammographer 





Percentage of 








Lesions So 

Radiographic Density and Pathologic Classified by 
Result of Mass Mammographer # 

a O 2 

Low-density benign masses 80 96 55 
High-density benign masses 20 4 45 
Low-density malignant masses 50 70 33 
High-density malignant masses 50 30 68 
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TABLE 2: Consensus Density Scores vs Pathologic Findings of 
Masses 


Pathologic Findings 
Density nnn tenn 
E E EEEo Malignant Benign 
High 19 10 
Low 21 41 
Total 40 51 


Note.—-Sensitivity = 48%, specificity = 80%, positive predictive value = 
66%, negative predictive value = 66%. 


also compared with the pathologic results (Table 2). The 
resulting sensitivity was 48% and specificity was 80%. For 
the subset of the 66 smooth or circumscribed masses, the 
sensitivity was 39% and specificity was 81%. 


Discussion 


Radiographic density is one of the features used in the 
evaluation of noncaicified masses seen on mammograms, 
and it is considered to be an important feature in the deter- 
mination of their possible benign or malignant origin [1]. 
Although smooth, circumscribed masses that clearly contain 
fat are benign [1], no reports of blind studies that examined 
the actual contribution of the density of nonfatty, noncalcified 
masses to mammographic interpretation have been pub- 
lished. Density determination by the use of Hounsfield units 
has been done with CT of the breast [8-10]. Although those 
Studies dealt primarily with contrast enhancement of malig- 
nant lesions, they showed little difference between the atten- 
uation of normal, benign, and malignant processes in the 
absence of infused contrast material. 

Sixty-six percent of the masses classified as high density 
by a majority of observers in this study were malignant (Fig. 
1). Eighty percent of the benign masses were classified as 
low density (Fig. 2). Disturbingly, however, 52% of the malig- 
nant masses also were classified as low density or density 
equivalent to that of normal nonfatty parenchyma by at least 
two of the three observers (Fig. 3). Thus, in this study, low 
density could not have been used to exclude malignancy. It 
has been widely accepted that “rare” low-density carcinomas 
are usually papillary or colloid types [1]. In this study, all but 
two of the malignant tumors were infiltrating ductal carcino- 
mas, and the single papillary and colloid carcinomas were 
classified as high density by a majority of observers (Fig. 4). 

This study showed a marked lack of agreement in the 
determination of radiographic density. The kappa statistics 
for agreement were in the poor/marginal category or at the 
low end of the good reproducibility category. Although agree- 
ment, as might be expected, was poorer when comparing the 
results of the two expert mammographers with those of the 
less experienced mammographer, there was even a marked 
variation between the classifications of the two experts (who 
were at the same institution), and for one of the experts at 
different times (Fig. 5). This emphasizes the lack of standard- 
ization and agreement in the classification of radiographic 
density. 


AJR:157, July 1991 


RADIOGRAPHIC DENSITY OF BREAST MASSES 27 





Fig. 1.—Craniocaudal mammogram of an inva- 
sive ductal carcinoma (solid arrows) classified as 
high density by all three observers. Normal paren- 
chymal reference density in this case was nipple 
(open arrow). 


by all observers. 


Fig. 4.—Craniocaudal mammogram of a col- 
loid carcinoma (arrows) classified as high den- 
sity by two of three observers. 


Fig. 5.—Craniocaudal mammogram of a be- 
nign fibroadenoma (arrows) classified as low 
density by one mammographer and high density 
by another. The third mammographer classified 
it as low density on the first reading and high 
density on the second. Arrowhead = nipple. 


Had interobserver agreement been better, the positive and 
negative predictive values of 66% might appear to reflect a 
useful association between density and pathology. However, 
positive and negative predictive values are, in large part, 
related to the prevalence of the disease in the sample popu- 
lation [11]. In this series, the prevalence of breast carcinoma 
was 44%. If, for example, the prevalence of malignancy was 
increased to 70% (with the sensitivity and specificity remain- 
ing 48% and 80%, respectively), the positive predictive value 
would increase to 86%, whereas the negative predictive value 
would decrease to 40%. Conversely, if the prevalence of 
carcinoma was decreased to 20%, the resulting positive 
predictive value would be 38%, whereas the negative predic- 
tive value would increase to 87%. In clinical practice, the 
prevalence of breast cancer is very low, which would lead to 
an even lower positive predictive value. 

Because all cases had surgical biopsy, some selection bias 
was unavoidable in this study. Cysts and mammographically 
stable masses were excluded. Using the standard maxim that 


Fig. 2.—Oblique mammogram of a benign 
fibroadenoma (arrow) classified as low density 


Fig. 3.—Craniocaudal mammogram of an in- 
filtrating ductal carcinoma (arrows) classified as 
low density by all observers. 





low-density lesions tend to be benign, one would expect a 
preponderance of high-density lesions to be selected for 
biopsy. Such a selection bias would be expected to lead to a 
higher percentage of pathologically benign lesions in the high- 
density category. However, in this series, a higher percentage 
of the malignant lesions were classified as low or equivalent 
density than as high density. 

It is difficult, if not impossible, for a mammographer to 
evaluate the density of a lesion independently of the other 
features, especially the border characteristics. Therefore, we 
also examined the subgroup of circumscribed masses to 
determine if density assessment was more or less accurate 
than for the entire group of masses. For the smooth and/or 
circumscribed masses, the sensitivity decreased slightly 
(39%) and the specificity remained the same (81%). The inter- 
and intraobserver agreements were unchanged. For the le- 
sions with spiculated borders, the sensitivity of density im- 
proved to 55%, but at the expense of a drop in specificity to 
67%. 
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Optimal radiographic contrast is necessary for density as- 
sessment. This involves the use of state-of-the-art mammog- 
raphy equipment with a molybdenum anode and reciprocating 
grid, vigorous compression, an appropriately low kilovoltage, 
a high-contrast film-screen combination, and the use of ex- 
tended processing when feasible [12]. All of these factors 
were used for this study. 

Because density is intuitively related to lesion size, opti- 
mally, the density of a mass should be compared with the 
density of an approximately equal volume of normal paren- 
chyma [3]. This was done whenever possible. However, in 
some of the predominantly fatty breasts, it may have been 
difficult for the observers to find an area of similar size. This 
may have led them to base their determination of density on 
their ability or inability to see parenchymal structures through 
the masses or to estimate the relative density of parenchymal 
areas unequivalent in size to the masses. Indeed, this is what 
is done in clinical practice in such situations. However, further 
research is necessary to assess radiographic density as it is 
related to the size of a mass. 

The analysis of amass seen on mammography is a complex 
process involving assessment of its size, shape, border char- 
acteristics, and density. Little attention has been given to the 
exact role of each of these features in the analytic process. 
This study shows that density assessment is a difficult task, 
and the contribution of density to the mammographic analysis 
of nonfatty, noncalcified masses is less than had been previ- 
ously thought. 
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Obstructive Dilatation of 
Extrahepatic Recipient and Donor 
Bile Ducts Complicating 
Orthotopic Liver Transplantation: 
Imaging and Laboratory Findings 





Biliary obstruction in liver transplants is most commonly due to stricture at the biliary 
anastomosis. The native common bile duct typically is normal. We retrospectively 
studied 28 patients with choledochocholedochostomy anastomoses who had marked 
native and donor extrahepatic bile duct dilatation associated with clinical evidence of 
biliary obstruction. Operative cholangiograms were compared with postoperative cho- 
langiograms obtained a mean of 50 weeks (range, 2-246 weeks) later. Mean caliber of 
the native common bile duct increased from 7.5 + 2.0 mm on operative cholangiograms 
to 14.8 + 3.9 mm on postoperative cholangiograms (p < .001). Mean caliber of the donor 
common hepatic duct increased from 5.9 + 1.3 mm on operative cholangiograms to 12.8 
+ 3.8 mm on postoperative cholangiograms (p < .001). Dilatation of the cystic duct 
remnant was seen in 15 patients. All patients had surgical revision to choledochojeju- 
nostomy with improved results of liver function studies in most cases. 

Diffuse dilatation of native and donor extrahepatic bile ducts may develop in liver 
transplant recipients. Typical features include native and donor extrahepatic ducts 
greater than 12 mm in diameter and a dilated cystic duct remnant on postoperative 
cholangiography in a patient with otherwise unexplained hepatic dysfunction. 
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Cholangiography is an important part of the postoperative evaluation of ortho- 
topic liver transplant recipients, especially when complications of the biliary system 
are suspected [1, 2]. Cholangiography is performed to look for biliary stricture, 
obstruction, bile leak, and choledocholithiasis. 

At our institution, the most common biliary surgery at the time of orthotopic liver 
transplantation is a choledochocholedochostomy, which consists of an anastomo- 
sis between donor and recipient extrahepatic bile ducts. A T-tube is placed to stent 
the anastomosis, permit monitoring of bile output, and provide access for follow- 
up cholangiography. 

Anastomotic stricture is the most common cause of biliary obstruction after 
transplantation [1] and typically results in dilatation of the donor biliary duct. 
However, several patients have had laboratory evidence of biliary obstruction and 
dilatation of both native and donor biliary trees [3]. A number of these patients 
have been successfully treated for suspected obstruction at the ampulla of Vater 
by surgical revision of the biliary anastomosis to a choledochojejunostomy. We 
reviewed the radiologic findings and clinical laboratory data of diffuse extrahepatic 
bile duct dilatation associated with hepatic dysfunction after liver transplantation. 


Materials and Methods 


Between March 1980 and September 1990, approximately 1500 patients underwent 
primary orthotopic liver transplantation with choledochocholedochostomy biliary reconstruc- 
tions. Twenty-eight patients with diffuse extrahepatic bile duct dilatation were identified in 
whom clinical and radiologic data could be retrieved. There were 15 females and 13 males 
with a mean age of 42 years (range, 11-64 years). All patients had undergone orthotopic 
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liver transplantation for the first time at our institution. All patients 
had end-to-end choledochocholedochostomy anastomoses, usually 
formed between the proximal donor common bile duct and either the 
native proximal common bile duct or distal common hepatic duct [4]. 
All exhibited clinical evidence of biliary obstruction and underwent 
subsequent biliary anastomotic revision to a Roux-en-Y choledocho- 
jejunostomy. Patients with anastomotic strictures and/or stones were 
excluded. 

Cholangiograms were retrospectively reviewed to determine the 
sizes of the native extrahepatic duct, donor extrahepatic duct, and 
intrahepatic ducts. The caliber of the donor common hepatic duct 
was measured at the midpoint between the duct bifurcation and the 
biliary anastomosis; the caliber of the native common bile duct was 
measured at the midpoint between the anastomosis and the sphincter 
of Oddi. We attempted to use the least magnified films; no correction 
for radiographic magnification was made. Operative cholangiograms 
were compared with the last postoperative T-tube, percutaneous 
transhepatic, or endoscopic retrograde cholangiogram obtained be- 
fore biliary anastomotic revision. The average time between operative 
cholangiography and the last cholangiogram before revision of the 
bile duct anastomosis was 50 weeks (range, 2-246 weeks). Biliary 
resting pressures were recorded in five patients through a 19-gauge 
butterfly needle inserted into the clamped T-tube. Pressure was 
recorded with a 50-cm manometer with the zero mark positioned at 
the midaxillary line. Normal pressure was considered to be less than 
15 cm H20; 15-20 cm H20 was borderline abnormal [5]. 

Serum levels of liver enzymes (aspartate aminotransferase [AST], 
alanine aminotransferase [ALT], y-glutamyltransferase [GGT], alka- 
line phosphatase), serum bilirubin levels, and results of liver biopsies 
done at the time of the last cholangiogram and approximately 2 
weeks after biliary anastomotic revision were compared. 

Bile duct caliber was statistically analyzed with a paired t test and 
Wilcoxon signed-rank test (data of latter not shown). Results of liver 
profile studies were analyzed with a sign test of the median [6]. 


Results 


Mean size of the donor common hepatic duct increased 
from 5.9 + 1.3 mm to 12.8 + 3.8 mm, an increase of 219% 
compared with operative cholangiograms (p < .001). Mean 
size of the native common bile duct at transplantation was 
7.5 + 2.0 mm in diameter and increased to 14.8 + 3.9 mm 
on the last cholangiogram before surgery, an increase of 
195% (p < .001). Maximal caliber of the extrahepatic bile 
duct before surgery ranged from 10 to 22 mm. Intrahepatic 
duct caliber exhibited little or no increase over time and/or 
with clinical evidence of obstruction (Fig. 1). Small-caliber 
(e.g., 8-French) T-tubes occasionally migrated distally in the 
dilated common bile ducts and rarely extended through the 
ampulla of Vater. 

Serum levels of liver enzymes (AST, ALT, GGT, alkaline 
phosphatase) and bilirubin were elevated before anastomotic 
revision. Mean total serum bilirubin level was 3.4 mg/dl (58 
umol/l), range 0.7-10.8 mg/dl (12-184 umol/l); mean GGT 
level was 464 U/I, range 18-2912 U/I; and mean alkaline 
phosphatase level was 274 UJ/I, range 52-1805 U/I. Twelve 
patients were jaundiced; none had abdominal pain. Liver 
enzyme and serum bilirubin levels decreased significantly 
approximately 2 weeks after surgery except for alkaline phos- 
phatase levels, which did not decrease significantly. After 
revision, the mean total serum bilirubin level was 2.8 mg/dl 
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Fig. 1.—A, T-tube cholangiogram obtained 5 days after transplantation 
shows normal-caliber bile ducts. Arrow shows choledochocholedochos- 
tomy anastomosis. 

B, T-tube cholangiogram obtained 1 month after transplantation reveals 
biliary dilatation, most marked in extrahepatic ducts. Arrow shows anas- 
tomosis. Patient was treated by revision to a choledochojejunostomy with 
a Roux-en-Y anastomosis. 


(48 umol/l), range 0.2-25.6 mg/dl (4-438 umol/l); mean GGT 
level was 310 U/I, range 16-1605 U/l; and mean alkaline 
phosphatase level was 226 U/I, range 56-1178 U/I. Of 26 
patients with complete liver function data before and after bile 
duct revision, the serum bilirubin level decreased in 19 and 
was unchanged in four, the GGT level decreased in 22, and 
the alkaline phosphatase level decreased in 17. 

Liver biopsies were done before reconstructive biliary sur- 
gery in 25 patients; 12 showed cholestasis. Twelve patients 
had liver biopsies both before and after biliary revision to a 
Roux-en-Y anastomosis. Six of these patients showed reso- 
lution of cholestasis, and six showed findings of nonspecific 
inflammation or mild rejection that did not change after sur- 
gery. 

Cystic duct remnants were shown in 18 patients and were 
dilated in 15. Dilatation was considered to be present if the 
lumen measured 5 mm or more in diameter and, if a cystic 
duct remnant was seen on operative cholangiography, in- 
creased in size by 3 mm or more. 

Biliary resting pressures were measured via the T-tube in 
five of 28 patients; four measurements were normal (<15 cm 
H20) and one was borderline elevated. 

No strictures or other anatomic causes for obstruction at 
the ampulla of Vater were identified in any of the cases. 


Discussion 


Diffuse dilatation of the native and donor bile ducts with 
Clinical evidence of obstruction is an unusual complication of 
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liver transplantation. Stieber et al. [3] were the first to report 
this finding and postulated the cause to be papillary dyskinesia 
due to devascularization or denervation of the ampulla of 
Vater during orthotopic liver transplantation. 

Caliber of the extrahepatic bile duct remains stable over 
time in most orthotopic liver transplantation patients. Mild 
increases in extrahepatic duct size have been seen in some 
apparentiy uncomplicated orthotopic liver transplant recipi- 
ents; that is, patients without clinical evidence of biliary ob- 
struction. Transplantation patients with diffuse extrahepatic 
dilatation and hepatic dysfunction differ radiologically from 
transplantation patients without complications mainly by 
greater dilatation of the extrahepatic duct and cystic duct 
remnants. Intrahepatic duct dilatation is typically absent, but 
sporadic cases with borderline dilatation have been seen. This 
may reflect the tendency for the extrahepatic bile ducts to 
dilate earlier in obstruction than does the intrahepatic biliary 
tree. 

Other possibly useful confirming tests for biliary obstruction 
were not available in most of the patients studied. Resting 
biliary pressures in five patients were not elevated, although 
the small number of examinations does not permit firm con- 
clusions. Resting pressure measurements made during con- 
stant bile duct perfusion at several rates of perfusion might 
provide a more sensitive test for biliary obstruction in these 
patients [5]. Follow-up radiographs to detect delayed drain- 
age of the bile ducts were obtained in two patients and 
showed abnormalities. Retention of contrast material in the 
common duct 45 min after administration was suggestive of 
obstruction [7]. Unpublished data from our own group indicate 
that the common duct in most orthotopic liver transplantation 
patients empties completely of contrast material within 15 
min. Hepatobiliary scintigraphy was not performed in our 
patients. To date, no reliable endoscopic manometric data of 
the sphincter of Oddi are available in patients with ductal 
dilatation after transplantation. 

Because diffuse extrahepatic dilatation may develop at any 
time after orthotopic liver transplantation (2-246 weeks, in 
our series) and may be associated with an insidious clinical 
and laboratory onset of liver dysfunction, diagnosis may be 
difficult. Some patients exhibited a slow but steady increase 
in bile duct caliber for several weeks after transplantation, 
which was associated with laboratory evidence of obstruction 
that prompted relatively early surgical intervention. Others 
showed little or no change in bile duct caliber for the imme- 
diate postoperative months and had their T-tubes removed. 
They returned months or years later with signs of obstruction 
and diffusely dilated ducts. Overall, bile duct dilatation was 
diagnosed in 10 of 28 patients within 3 months after trans- 
plantation, the period in which the T-tube normally remains in 
place and in which routine cholangiography facilitates diag- 
nosis. 

The decision to perform surgical reconstruction for diffuse 
bile duct dilatation must take into consideration the laboratory 
values, the radiologic findings, and the overall clinical status 
of the patient. Clearly, extrahepatic bile duct dilatation does 
not necessarily indicate current biliary obstruction, as in the 
case of a lax duct that may result from prior choledocholithi- 
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asis in nontransplantation patients [8]. Nevertheless, the ac- 
quired postoperative dilatation and the degree of caliber ab- 
normality seen in our patients is highly suggestive of obstruc- 
tion, perhaps of a low grade or intermittent nature. Thus, 26 
of 28 patients had extrahepatic ducts that were 12 mm or 
more, one of the criteria used by Geenen et al. [9] for the 
diagnosis of dysfunction of the sphincter of Oddi. Although 
some transplantation patients without clinical evidence of 
obstruction have shown increases in extrahepatic duct size, 
the changes are typically milder than those seen in our study 
group. An investigation of extrahepatic bile duct caliber in 
uncomplicated liver transplants is currently underway. 

The decision to operate on patients with extrahepatic bile 
duct dilatation is complicated by the not infrequent coexist- 
ence of multiple conditions such as rejection and infection 
that may cause abnormal results of liver function tests. More 
than one cause of hepatic dysfunction might explain why 
alkaline phosphatase values were not significantly decreased 
after reconstructive biliary surgery in our patients. Cholestasis 
on allograft liver biopsies may be associated with a number 
of conditions in addition to extrahepatic biliary obstruction. 
However, cholestasis of the type and degree seen in our 
patients is normally found in a minority of transpiant biopsies. 
In the absence of a true gold standard test for biliary obstruc- 
tion in patients with dilatation of the extrahepatic bile ducts, 
care and experience is required in selecting patients who will 
benefit from anastomotic revision. 

Although the precise cause of diffuse extrahepatic ductal 
dilatation is not known, one possible mechanism is dysfunc- 
tion of the sphincter of Oddi, perhaps due to operative inter- 
ruption of inhibiting nerve fibers that normally accompany the 
common duct [10]. Other possible unproved causes include 
ischemia or opportunistic infection affecting the sphincter of 
Oddi. The possibility of increased duct laxity due to an uni- 
dentified factor in the posttransplantation environment cannot 
be entirely ruled out. None of our patients had an obvious 
cause of obstruction of the common bile duct, such as stric- 
ture, pancreatitis, tumor, or choledocholithiasis. None had 
clinical or laboratory evidence of significant biliary tract infec- 
tion. Nevertheless, because opportunistic infections are com- 
mon in liver allografts, the possible role of infection in diffuse 
duct dilatation cannot be exciuded. 

Despite the occurrence of diffuse obstructive dilatation of 
native and donor bile ducts in liver transplantation patients 
with choledochocholedochostomy reconstructions, the duct- 
to-duct anastomosis is still favored for adult patients by 
surgeons at our center. This preference is based on the low 
frequency of diffuse obstructive dilatation coupled with the 
advantages of having a T-tube in place for monitoring bile 
quantity and quality and for performing postoperative chol- 
angiography. 

In conclusion, marked diffuse biliary dilation affecting pre- 
dominantly the recipient and donor extrahepatic bile ducts 
and associated with hepatic dysfunction may occur in liver 
transplants. The exact cause is unknown, but may be related 
to dysfunction of the sphincter of Oddi due to denervation. 
Surgical revision of the choledochocholedochostomy anas- 
tomosis to a choledochojejunostomy bypasses the sphincter 
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of Oddi, and typically leads to clinical and laboratory improve- 
ment. Correct diagnosis depends on careful correlation of the 
cholangiographic findings, laboratory tests, biopsy results, 
and the overall clinicai picture. 
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Thin-Layer Chromatography to 

Monitor Cholesterol Gallstone 

— by Methyl tert-Buty! 
ther 





We describe a simple and inexpensive method of monitoring methy! tert-butyl ether 
(MTBE) dissolution of cholesterol gallstones with thin-layer chromatography (TLC) in 10 
patients. TLC is a routine semiquantitative laboratory method that can be used to 
measure the cholesterol concentration present in the MTBE and bile mixture aspirated 
through the cholecystostomy catheter during gallstone dissolution. TLC is practical in 
the clinical setting because it can be used to determine if gallstone dissolution is 
occurring and when MTBE lavage is no longer effective. TLC is performed in the 
laboratory with routine material and is completed in 15 min. Each TLC measurement 
costs about $1. The procedure provides objective and specific chemical information on 
effectiveness and progression of gallstone dissolution, apart from the radiologic and 
sonographic studies. In our study, TLC signaled effective dissolution in the initial phase 
of gallstone dissolution by detecting large amounts of cholesterol in the MTBE and bile 
mixture even before a visible change in size or shape of the stone became apparent by 
transcatheter cholecystography or by sonography (six of 10 patients). Conversely, lack 
of cholesterol on TLC after 1 hr or more of MTBE infusion indicates that the stones are 
pigmented or contain substantial calcium. This means that dissolution with MTBE will 
be ineffective and that solvent infusion should be terminated. In those cases in which 
dissolution is progressing well, when TLC shows decreasing amounts of cholesterol in 
the effluent, only residual fragments insoluble to MTBE remain or the stone is seques- 
tered from MTBE; at this point, solvent infusion should be discontinued or the catheter 
must be repositioned. 

Monitoring the rate of cholesterol dissolution by TLC provides important complemen- 
tary information to cholecystography and sonography during gallstone treatment with 
MTBE. 
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Transcatheter contact dissolution with methyl tert-butyl ether (MTBE) is an 
effective method of dissolving cholesterol gallstones [1-4]. Currently, the procedure 
is considered investigational in the United States and is monitored by the Food and 
Drug Administration. At present, the only methods of determining the effectiveness 
and endpoint of gallstone dissolution with MTBE are catheter cholecystography 
and/or sonography. These imaging procedures offer a visible assessment of 
dissolution, but give no chemical information. Early leeching of cholesterol may not 
be shown by imaging, and residual stone fragments may not be shown by 
cholecystography because of limitations of fluoroscopic resolution, overlying bowel 
gas, or improper concentration of contrast material. Problems of sonographic 
monitoring include the coiled catheter that may obscure fragments and lack of 
gallbladder distension that precludes detection of residual fragments. Even if 
fragments are shown by cholecystography or by sonography, solubility or insolu- 
bility of the residual debris or fragments in MTBE cannot be predicted by these 
imaging methods. 

We have complemented the two radiologic studies with adsorption thin-layer 
chromatography (TLC), a semiquantitative method that assesses the concentration 
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Fig. 1.—Thin-layer chromatography (TLC) shows effectiveness of dissolution, despite lack of visible change by cholecystography. 

A, Cholecystogram before infusion of methyl tert-butyl ether (MTBE) in a 34-year-old woman with four 1.5-cm noncalcified gallstones. 

B, Cholecystogram 1 hr after MTBE infusion shows no significant change in size of stones. 

C, TLC after 1 hr of MTBE lavage reveals large concentration of cholesterol (arrows) in effluent MTBE. This indicates that dissolution is effective despite 
lack of a visible change on catheter cholecystogram. Faint spot at left indicates low cholesterol concentration in baseline bile sample. 


of cholesterol present in the MTBE that is aspirated through 
the cholecystostomy catheter. The technique yields informa- 
tion regarding the appropriateness of MTBE instillation and 
provides a method of monitoring the effectiveness of disso- 
lution therapy. TLC also can document the presence of gall- 
stones that are resistant to MTBE, thereby avoiding unnec- 
essary solvent instillation. 


Materials and Methods 


TLC is performed on 5 x 7 cm aluminum-backed silica gel plates 
(DC-Alufollen, Klesselger 60, EM Science, Gibbstown, NJ). A 1-l 
aliquot of the clear supernatant (MTBE phase) from the fluid aspirated 
during gallstone dissolution along with 1-ul samples of standard 
solutions of cholesterol in MTBE (0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 g/ 
I) are spotted 5 mm from the bottom of the plate at 5-mm intervals. 
The chromatogram is developed with chloroform-methanol 98:2 v:v 
in a glass TLC chamber until the solvent front travels approximately 
6 cm from the bottom. The TLC plate is dried with a hair dryer, 
sprayed with a solution of phosphomolybdic acid in absolute ethanol 
(10 g/100 ml, Aldrich, Milwaukee, WI), and heated in an oven at 120- 
140°C for a few minutes until the spots develop a blue color (a 
laboratory hot plate also can be used). A semiquantitative estimation 
of the cholesterol concentration in the MTBE recovered from the 
patient is obtained by visual comparison of the diameter and intensity 
of the sample spot to the known cholesterol standards. The proce- 
dure takes no more than 15 min and should be done inside a fume 
hood, or at least in a well-ventilated area separate from the patient's 
suite. TLC is a routine laboratory procedure. A more detailed descrip- 
tion of the TLC technique can be found in a standard reference 
manual [5]. The materials needed to perform each TLC measurement 
cost approximately $1. Results of TLC are examined in conjunction 
with oral cholecystograms and follow-up sonographic examinations 
to assess gallstone dissolution with MTBE. 

The procedure has been used in nine women and one man, 27 to 
70 years old, who were undergoing gallstone dissolution with MTBE. 
The patients had stones ranging from 5 to 45 mm in diameter, and 


the number of stones ranged from one to uncountable. Six patients 
had no calcification in their gallstones shown on plain films of the 
right upper quadrant and on CT scans; four patients had a few flecks 
of calcium or a calcified nidus shown on CT. 

Percutaneous cholecystostomy and MTBE dissolution were per- 
formed in the standard fashion [1, 3]. A 7-French polyethylene locking 
gallbladder catheter (Medi-Tech, Watertown, MA) that is resistant to 
MTBE was used in all cases [4]. 

In order to obtain bile for the TLC, the gallbladder bile is drained 
completely through the percutaneous cholecystostomy catheter, then 
hepatic bile is aspirated for the sample. An aliquot of this hepatic bile 
is collected in a test tube. An equal volume of MTBE is added to the 
tube. The tube is shaken vigorously for 15 sec; the mixture is allowed 
to settle while the two layers separate into an upper layer (MTBE 
containing cholesterol) and a lower aqueous layer (bile). Baseline 
cholesterol concentration in the MTBE layer is measured by TLC. 
Aliquots of the supernatant layer from the MTBE lavage therapy are 
sampled at 1-hr intervals during the dissolution process. MTBE 
infusion is continued until TLC shows a return to baseline cholesterol 
levels. 


Results 


Baseline TLC from hepatic bile revealed visible cholesterol 
concentrations ranging from 0.1 to 0.2 g/l. With MTBE lavage 
therapy, TLC showed cholesterol concentrations from 5 to 
10 g/l in the first hour of therapy in all patients except one. A 
comparison cholecystogram obtained after 1 hr showed ap- 
preciable reduction in the size of the stones in only three 
patients who had small stones initially; the remaining six 
patients, who had larger stones, showed no noticeable de- 
crease in stone size by catheter cholecystography or by 
sonography, despite the large amount of cholesterol in the 
effluent on TLC (Fig. 1). The cholesterol concentration re- 
mained high throughout the procedure (2-12 hr) in nine 
patients while the size of the stones decreased slowly by 
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Fig. 2.—Use of thin-layer chromatography 
(TLC) to indicate methyl tert-butyl ether (MTBE) 
therapy should be terminated. 

A, Sonogram obtained after 5 hr of MTBE 
dissolution shows residual stone fragments 
(large arrow); arrowhead points to percutaneous 
cholecystostomy catheter. 

B, TLC shows low cholesterol concentration 
similar to baseline in effluent, indicating that 
residual debris is insoluble in MTBE. From left to 
right, cholesterol concentrations are standard 
1.0 g/l, 0.5 g/l, 0.2 g/l, baseline, and samples 
obtained 4 hr and 5 hr after MTBE dissolution. 


cholecystography. The cholesterol concentration shown by 
TLC decreased progressively in the samples of these patients 
as the remaining stone burden diminished with MTBE therapy. 

When the gallbladder was shown free of stones by sonog- 
raphy and cholecystography, TLC showed absence of cho- 
lesterol in seven patients. Both imaging methods showed 
residual fragments remaining in the gallbladder in another 
patient, despite a low cholesterol level shown by TLC (Fig. 
2); dissolution was discontinued in this patient because the 
debris was resistant to the solvent after 2 hr of MTBE lavage. 
The fragments were less than 3 mm in diameter. In the ninth 
patient, TLC showed low cholesterol levels, and a large (4 
cm) stone was located in the neck of the gallbladder. The 
patient had pain with MTBE, and presumably the MTBE 
lavage did not reach the stone. The tenth patient had suc- 
cessful dissolution of innumerable gallstones with confirma- 
tory TLC measurements of cholesterol. However, a solitary 
calculus remained impacted in the cystic duct, shown by 
cholecystography. TLC showed a low concentration of cho- 
lesterol because the solvent did not reach the impacted cystic 
duct stone. Subsequently, the tip of an end-hole catheter was 
juxtaposed to the stone; this permitted successful dissolution 
of the cystic duct stone and reestablishment of cystic duct 
patency. 


Discussion 


The initial effectiveness (or ineffectiveness) of gallstone 
dissolution with MTBE cannot be predicted accurately by 
current imaging studies. Because cholecystography and so- 
nography reflect gross changes in size and shape, they are 
not sensitive to early leeching of cholesterol from gallstones. 
The primary value of TLC is to provide semiquantitative 
assessment of cholesterol dissolution that helps to monitor 
the dissolution of cholesterol gallstones by MTBE. Attempted 
dissolution of bilirubinate stones in which composition may 
not be appreciated by available imaging methods may lead to 
prolonged and inappropriate use of MTBE; TLC can avoid 
this problem as well. 

As MTBE has potential deleterious side effects, unneces- 
sary infusion should be avoided. Reported complications of 
MTBE include pain, sedation, renal failure, coma, and duo- 
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denitis [1, 3, 6]. Imaging studies may not necessarily reveal 
the exact or even the predominant composition of gallstones 
before MTBE infusion. For example, there is overlap in the 
appearance of cholesteroi and bilirubinate stones by CT; both 
may appear isodense with bile. TLC is beneficial in the initial 
phases of attempted gallstone dissolution because it can 
detect and measure whether or not cholesterol is present. If 
cholesterol is present, dissolution should continue, and per- 
haps at a higher rate or volume. If cholesterol is not evident 
by TLC, MTBE should be discontinued. 

Early in the dissolution process, it may be difficult to appre- 
ciate reduction in size of the stone radiologically (as occurred 
in six of our 10 patients) and, consequently, to know whether 
MTBE is effective. Lack of visible change may mean that the 
stone is insoluble to MTBE, that is, it is composed of calcium 
bilirubinate or calcium palmitate. However, cholesterol may 
be removed in large quantities by MTBE initially without any 
visible imaging correlation. Because the diameter of a stone 
decreases with the cubic root of the volume, a significant 
reduction in mass results in only a small decrease in diameter 
that may not be shown by cholecystography. An estimate of 
the total amount of cholesterol dissolved can be obtained at 
any time from the total volume of MTBE infused and the 
concentration of cholesterol measured; TLC provides this 
information in an ongoing fashion. 

It is usually not feasible by gross examination of MTBE/bile 
effluent to determine whether or not cholesterol is being 
dissolved. The fluid aspirated from the percutaneous chole- 
cystostomy catheter during solvent therapy is a mixture of 
bile and MTBE that often exceeds the volume of MTBE 
injected. If the aspirate is allowed to settle a few minutes in a 
glass syringe or metallic container, two definite layers form 
because of different densities and immiscibility of the com- 
ponents. The lower, turbid, yellow-green aqueous layer is 
mostly bile and contains minute debris and particles. The clear 
upper layer is composed of a solution of cholesterol in the 
solvent. The MTBE may be dried on a glass slide to reveal 
an opaque deposit of cholesterol, but this is not quantitative. 

Residual insoluble fragments composed of material other 
than cholesterol may remain in the gallbladder after effective 
cholesterol dissolution. If these fragments are not cholesterol, 
it is futile to attempt to dissolve them. Continued use of MTBE 
under this circumstance may place the patient at unnecessary 
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risk. If insoluble fragments remain after successful cholesterol 
dissolution, one can consider mechanical methods to extract 
the insoluble residue, such as flushing or tract dilatation with 
percutaneous removal of stones. 

TLC appears promising from our early experience by virtue 
of adding useful information relatively easily and inexpen- 
sively. TLC is a helpful adjunct to sonography and cholecys- 
tography for monitoring gallstone dissolution with MTBE to 
avoid unnecessary use of the solvent. Gas chromatography 
is another potentially beneficial method for quantifying choles- 
terol gallstone dissolution that we are evaluating currently. 
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Intraperitoneal Contrast Material 
Improves the CT Detection of 
Peritoneal Metastases 





The preoperative detection of peritoneal metastases from gynecologic malignancies 
is difficult; in particular, CT often fails to detect peritoneal implants. This study was 
designed to determine if the administration of intraperitoneal iodinated contrast media 
would increase the CT detection of such peritoneal metastases. Prospectively, both 
standard and intraperitoneal contrast~enhanced CT studies of the abdomen and pelvis 
were performed in 16 patients with suspected gynecologic tumors. All patients then 
underwent operative staging, with the location and number of metastases documented. 
The intraperitoneal enhanced CT studies were more sensitive in the detection of 
peritoneal metastases than standard CT examinations. Whereas routine CT detected 
peritoneal metastases in seven (64%) of 11 patients with surgically proved implants, 
the intraperitoneal enhanced CT studies detected peritoneal metastases in all 17 
patients. Depending on the specific intraperitoneal compartments invoived, the sensitiv- 
ity of intraperitoneal enhanced CT in the detection of peritoneal metastases was two- 
to fourfold greater than that of standard CT examinations. 

Our results suggest that intraperitoneal enhanced CT is superior to standard CT in 
the detection of peritoneal metastases. 


AJR 157:37-40, July 1991 


Standard CT of the abdomen is unreliable in the detection of peritoneal metastatic 
disease from gynecologic malignancy. Two recent studies report a sensitivity 
ranging from 8% to 63% [1, 2]. The aim of this study was to determine if the 
administration of intraperitoneal contrast material before CT scanning would in- 
crease the detectability of peritoneal metastases. 


Subjects and Methods 


Sixteen patients were included in a prospective study. The patients were referred from a 
gynecology-oncology clinic for preoperative CT evaluation because of pelvic masses detected 
on physical examination and strong clinical suggestion of a gynecologic malignancy. The 
patients were recruited consecutively; none were excluded. Before surgery, standard CT 
scans of the abdomen and pelvis were obtained followed by intraperitoneal contrast- 
enhanced CT scans. CT examinations were performed on Siemens DRH scanners with 5- 
sec exposures, a scan thickness of 8 mm, and a table incrementation of either 10 or 15 mm. 
Oral and IV contrast media were administered in all cases. IV contrast material was injected 
with a power injector at a flow rate of 2.5 mi/sec for the first half of the volume and 1 mi/sec 
for the remainder of the injection. The volume of IV contrast material varied frorn 100 to 150 
mi. Intraperitoneal contrast enhancement was obtained by instilling 200 mi of diatrizoate 
meglumine (14% iodine) (Urovist, Berlex Laboratories, Cedar Knolls, NJ) into the peritoneal 
cavity through an 18-gauge percutaneously placed angiocatheter. The angiocatheter was 
placed approximately 3 cm below the umbilicus in patients with small amounts of ascites. In 
patients with a large amount of intraperitoneal fluid, the catheter was placed in the largest 
fluid collection based on the preceding CT examination, generally in the lower abdomen. The 
contrast material was followed by the instillation of saline {0-2 !). The amount of saline instilled 
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TABLE 1: Routine CT (CT) and Intraperitoneal Enhanced CT (IPCT) vs Surgery in the Detection 


of Peritoneal Metastases 


SERS RR NR IR TIE SSN SO EE ED II TTT ITER NT IRE I TT RMIT EE I CO E TE SEES CT, 


Peritoneal Compartment (No. of 


Cases/No. Surgically Detected)/ eee 


True- 
Positive Negative Positive Negative Sensitivity Specificity 


False- False- o % 


Study 

R subhepatic & paracolic (16/11) 

CT 2 

IPCT 9 
L subphrenic (13/6)* 

CT 1 

IPCT 4 
Pelvis & bladder (16/10) 

CT 3 

IPCT 6 
R subphrenic (16/11) 

CT 2 

IPCT 5 
L paracolic (15/6)? 

CT 1 

IPCT 2 
Omentum (16/11) 

CT 10 

IPCT 10 
Mesentery (16/8) 

CT 0 

IPCT 2 


si 


1 9 18 75 
0 2 82 100 
0 5 17 100 
1 2 66 86 
0 7 30 100 
2 4 60 66 
1 9 18 80 
1 6 45 80 
0 5 7 100 
3 4 33 66 
1 1 91 80 
1 1 91 80 
1 8 0 87 
3 6 25 62 


OCR E GE EEEE a Ga TE SENS i I I RI ET SSE GE RDB REIS SRY TOE A E I OE AR 


Note.—R = right; L = left. 


* In three patients, no surgical information was available concerning the left subphrenic space. 
"In one patient, no surgical information was available concerning the left paracolic gutter. 


depended on the amount of ascites present and the patient’s toler- 
ance. Instillation of saline was terminated when the patient had pain 
or a feeling of excessive distension. At the beginning of the study, 
the contrast media and saline were administered by gravity, which 
was time-consuming and therefore required removal of the patient 
from the CT scanner. Later in the study the saline and contrast 
material were administered by hand injection. The hand injection 
technique was faster, allowing completion of both studies in one 
session without removal of the patient from the CT table. The contrast 
material was then distributed throughout the peritoneal cavity by 
having ambulatory patients walk or by turning the patient side to side 
if the patient was bedridden [3]. No attempt was made to drain the 
intraperitoneal contrast material following the examination. 
intraperitoneal enhanced CT and routine CT scans were inter- 
preted separately by two radiologists without knowledge of surgical 
findings. Differences in interpretation were resolved in conference. 
The size and number of peritoneal metastases were determined on 
a compartment-to-compartment basis. The peritoneum was arbitrarily 
divided into right and left subphrenic compartments, paracolic gutters, 
mesentery, omentum, and pelvic peritoneal compartment. The sub- 
phrenic space was defined as the diaphragmatic surface of the liver 
and visceral peritoneal surface of the diaphragm. The right and left 
subphrenic spaces were separated by the falciform ligament. The 
peritoneal compartment was considered subphrenic if the CT scan 
showed the diaphragm. More caudad scans obtained below the 
diaphragm were considered paracolic gutter on the left and subhe- 
patic/paracolic gutter on the right. The left subphrenic space was 
separated from the left paracolic gutter by the phrenicolic ligament. 
Soft-tissue masses were considered omental if located anterior to 
bowel and mesenteric if surrounded by loops of bowel. The peritoneal 
compartment was called pelvic if the innominate bone was visible on 
the CT scan. Nodular soft-tissue densities of any size were consid- 
ered positive for peritoneal metastases. Plaquelike abnormalities were 
diagnosed as metastases only if they were longer than 1 cm. Both 


types of CT studies were evaluated for omental and mesenteric 
metastases, the size and number of pelvic masses, and direct pelvic 
side-wall extension. 

Laparotomy and tumor debulking were performed within 1 week 
of all CT examinations. Surgical proof of the metastases consisted 
of detailed documentation of the size, number, and location of all 
peritoneal metastases. 


Results 


Explorative laparotomy confirmed gynecologic malignancy 
in 14 of the 16 patients (12 ovarian carcinomas, one fallopian 
tube carcinoma, one uterine carcinoma). Two patients had 
benign ovarian masses. Peritoneal metastases were present 
in 11 of the 14 patients with malignant lesions and varied in 
size from “pinpoint” to 6 cm in diameter. Standard CT, intra- 
peritoneal enhanced CT, and surgical findings are compared 
in Table 1. Standard CT detected peritoneal metastases in 
seven of 11 patients with surgically proved implants. Intra- 
peritoneal enhanced CT detected peritoneal metastases in all 
11 patients (Figs. 1 and 2). Intraperitoneal enhanced CT 
correctly identified more peritoneal metastases than did rou- 
tine CT in the subphrenic spaces, paracolic gutters, and pelvis 
(Fig. 3). Both intraperitoneal enhanced CT and routine CT 
detected 91% of omental metastases (Fig. 4). Intraperitoneal 
enhanced CT detected only 25% of mesenteric metastases, 
and standard CT detected mesenteric metastases in none of 
the eight patients in whom mesenteric tumors were found at 
surgery. 

At surgery, all patients had pelvic masses that ranged from 
3 to 16 cm in diameter. Standard CT detected pelvic masses 
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Fig. 1.—Right-sided subphrenic peritoneal me- 
tastasis detected on intraperitoneal enhanced CT 
scan but not routine CT scan. 

A, Routine enhanced CT scan shows ascites in 
right upper quadrant and left-sided pleural effu- 
sion. 

B, Intraperitoneal enhanced CT scan shows a 
large soft-tissue mass (arrows) in right subphrenic 
space. 


Fig. 2.—Left-sided subphrenic peritoneal me- 
tastasis detected on intraperitoneal enhanced CT 
scan but not routine CT scan. 

A, CT scan at level of liver and spleen. Fluid is 
seen in gastric fundus. 

B, Intraperitoneal enhanced CT scan shows 
multiple metastases (arrows) in subphrenic space. 


in 12 out of 16 cases. The intraperitoneal enhanced CT 
studies detected an additional three pelvic masses. These 
three were cystic masses in patients with ascites in whom 
the pelvic mass was isodense relative to ascites and therefore 
undetectable on standard CT but easily visualized on intra- 
peritoneal enhanced CT examinations (Fig. 5). 

There were no complications from the intraperitoneal en- 
hanced CT procedures. 


Discussion 


Previously, authors have suggested that the low sensitivity 
of CT in the detection of peritoneal implants is partially de- 
pendent on the location of the implant as well as the presence 
of ascites [2, 4]. When the amount of ascites present is 
insufficient to distend the peritoneal space, peritoneal im- 
plants may be indistinguishable from normal structures, such 
as unopacified loops of bowel. This lack of distension was 
the reason peritoneal implants were missed on the standard 
CT scans in our study (four of 11 cases). The intraperitoneal 
enhanced CT study offered the advantage of not only increas- 
ing the density difference between the implants and the 
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surrounding ascites, but the saline infused in the intraperito- 
neal enhanced study increased the separation of intraperito- 
neal structures. 

In all peritoneal compartments, intraperitoneal enhanced 
CT increased the sensitivity for the detection of peritoneal 
metastases two- to fourfold when compared with standard 
CT (Table 1, Fig. 5). In the right side of the abdomen, the 
specificity of intraperitoneal enhanced CT was the same or 
greater than that of standard CT. In the left side of the 
abdomen and pelvis, however, the specificity fell. This lower 
specificity was due in part to unopacified loops of bowel 
mistakenly thought to be peritoneal metastases. Other causes 
of error were encountered in patients with surgically catego- 
rized extensive omental disease and complex multilobular 
pelvic masses, when the intraperitoneal enhanced CT studies 
were interpreted as showing intraperitoneal metastases. This 
difference would appear to be of no clinical importance, and 
therefore the specificity may be underestimated. 

Two patients had benign pelvic masses. In one woman 
with endometriosis, standard CT and intraperitoneal en- 
hanced CT detected plaquelike lesions in the right subphrenic 
and subhepatic spaces, and these studies therefore were 
false-positive for detection of peritoneal tumor. In the other 
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Fig. 3.—Right-sided subphrenic peritoneal metastases detected on intraperitoneal enhanced CT 


scan but not routine CT scan. 
A, Routine CT scan shows ascites around liver and spleen. 


Fig. 4.—Intraperitoneal enhanced CT scan 
shows multiple omental metastases (M) in left 
paracolic gutter. 


B, Intraperitoneal enhanced CT scan shows peritoneal metastases (arrows) in right subphrenic 


space. 





woman with a benign pelvic mass, neither CT study detected 
peritoneal masses and none were seen at surgery. 

The reliable detection of peritoneal metastases has impor- 
tant implications for women with ovarian cancer. In women in 
whom no Clinical evidence of disease is found after surgery 
and chemotherapy, second-look surgery is proposed. In pa- 
tients who undergo this operation, as many as 50% will have 
persistent disease found at surgery [5]. The results of stan- 
dard CT examinations are too inaccurate to allow CT to 
replace second-look surgery. Brenner et al. [6] showed that 
CT detected less than 60% of metastases subsequently 
found at surgery. In our series, the sensitivity of conventional 
CT scanning was improved two- to fourfold with the admin- 
istration of intraperitoneal contrast media. Intraperitoneal en- 
hanced CT scans may be useful in sparing some patients a 
second-look surgical procedure. 





Fig. 5.—Cystic ovarian mass detected on intra- 
peritoneal enhanced CT scan but not on routine 
CT scan. 

A, Routine CT scan shows only ascites. 

B, Intraperitoneal enhanced CT scan distin- 
guishes a large cystic pelvic mass (M) from as- 
cites. 
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Afferent Loop Syndrome: 
Sonographic Findings in Seven Cases 





We studied the sonographic findings in seven patients in whom afferent loop obstruc- 
tion was first detected by sonography. All seven subsequently were proved at surgery 
to have afferent loop syndrome. The causes of the obstruction included internal hernia 
(n = 3), cancer recurrence (n = 2), marginal ulcer (n = 1), and development of cancer 
at the anastomosis site (n = 1). In all cases, the dilated afferent loop was seen on 
sonography as a tubular structure in the upper abdomen crossing transversely over the 
midline. The distal end of the afferent loop could be traced toward the anastomosis. 
The probable cause of the syndrome was predicted on the basis of sonography in two 
of three patients with cancer at the anastomosis. 

Our experience suggests that afferent loop syndrome can be diagnosed sonograph- 
ically on the basis of the detection, location, and shape of the dilated afferent loop. 
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Afferent loop syndrome (ALS) is an uncommon complication of subtotal gastrec- 
tomy with Billroth li gastrojejunostomy caused by obstruction of the duodenum 
and jejunum at any site proximal to the gastrojejunal anastomosis [1-4]. It may 
cause symptoms anytime from the first postoperative day to many years later [1]. 
Prompt recognition of the syndrome is important because perforation of the afferent 
loop may occur [5]. Because sonography may be the initial diagnostic procedure 
in patients with acute abdominal symptoms, the detection of the afferent loop 
obstruction on sonograms provides important diagnostic information. To date, only 
a few case reports describing the sonographic features have been reported [3, 6, 
7]. We describe seven patients in whom the syndrome was first detected by 
sonography. 


Subjects and Methods 


Seven patients with afferent loop obstruction detected first by sonography between 1986 
and 1989 were included in this study. There were four men and three women, ranging in age 
from 39 to 60 years. In all cases, the presence of ALS was confirmed at surgery. The reasons 
for the initial surgery were stomach cancer in three cases, gastric ulcer in two cases, and 
duodenal ulcer in two cases. The causes of ALS, established at surgery, included internal 
hernia (three patients), cancer recurrence (two patients), marginal ulcer (one patient), and 
development of cancer at the anastomosis site (one patient). The intervals between the initial 
operation and the second operation were 1-4 weeks in the three patients with internal hernia 
and 10 months to 16 years in the others. Plain abdominal radiographs and sonograms were 
obtained in all cases, upper gastrointestinal series in three cases, and CT scans in two cases. 

sonograms were obtained with a 3.5-MHz transducer on commercially available real-time 
scanners (Toshiba SSA-90A or SAL-55A, Tokyo). Both linear-array and sector transducers 
were used. The transducer was placed transversely and longitudinally on the midabdomen 
with the patient supine. 
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Fig. 1.—60-year-old man with afferent loop syndrome caused by internal hernia. 

A, Longitudinal sonogram of midabdomen discloses a U-shaped and dilated duodenum. 

B, Transverse sonogram of midabdomen discloses a dilated afferent loop crossing transversely over midline. GB = gallbladder. 

C, On sonogram, distal end of dilated afferent loop can be traced toward anastomosis site of gastrojejunostomy (arrows). Efferent loop is not dilated, 


ST = remnant stomach, A = afferent loop, E = efferent loop. 
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Fig. 2.—59-year-old woman with afferent loop syndrome caused by recurrent cancer. 

A, Transverse sonogram of midabdomen shows markedly dilated afferent loop crossing transversely over midline with visible valvulae conniventes. VC 
= inferior vena cava, AA = abdominal aorta. 

B, Longitudinal sonogram of left upper abdomen shows thickened wall of anastomosis (arrows). 

C, Upper gastrointestinal series shows stenosis and luminal narrowing of afferent loop (solid white arrows) near anastomosis, dilated afferent loop with 
gas-fluid level (open arrow), and normal efferent loop (black arrow). 


Results 


In all seven patients, the dilated afferent loop was seen as 
a tubular or U-shaped structure in the upper abdomen cross- 
ing transversely over the midline (Figs. 1 and 2). The wall of 
the dilated afferent loop was not thickened. The diameter of 
a dilated loop varies from 38 to 60 mm (mean, 47 mm). The 
distal end of the afferent loop could be traced toward the 
anastomosis (Fig. 1). The causes of ALS were predicted on 
the basis of the sonograms in two of the three cancer patients; 
in these cases, the wall of the anastomosis was 10 mm thick, 
suggesting the presence of cancer (Fig. 2). In the third cancer 
patient, in whom afferent loop obstruction was due to tumor 
recurrence, the wall thickening at the anastomosis was not 
evident on sonography. Lymphadenopathy was seen at the 
porta hepatis in one of the three cancer patients. 

In a retrospective review of the plain abdominal radio- 
graphs, the dilated afferent loop was detected in only one of 
the seven patients. A dilated afferent loop was shown on an 


upper gastrointestinal series in one of the three cases in 
which it was performed. The other two showed nonfilling of 
the afferent loop and normal efferent loop. CT showed the 
dilated afferent loop and recurrent cancer in the gastric rem- 
nant in both cases in which it was performed. 


Discussion 


Bilious vomiting due to afferent loop obstruction after gas- 
troenterostomy was first reported by Wolfer in 1881. The 
mechanism of ALS was fully discussed by Wells and Wel- 
bourn in 1951 [3, 8-10]. The prevalence of ALS varies be- 
tween 0.2% and 20.0% [8, 10]. The causes of ALS are internal 
hernia, kinking of the anastomosis, adhesive band, stomal 
stenosis, recurrent carcinoma or metastasis, and marginal 
ulcer [1, 3-5, 7-13]. Internal hernia is the most common 
cause of ALS [3, 8, 10]. Among 105 cases reported in the 
literature, the cause of ALS was internal hernia in 58 cases 
[8]. A long afferent loop may herniate through a gap between 
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the anastomosis and the transverse colon [5]. Acute hernia- 
tion is said to occur in 0.5 to 1.0% of patients who have 
undergone subtotal gastrectomy, and frequency is highest in 
the immediate postoperative period [12]. In 26 of the 51 cases 
of internal hernia reported by Dahigren [10], the interval 
between the gastrectomy and the manifestation of acute ALS 
is 3 weeks or less. In our series, the interval between the first 
and second operations in three internal hernias was 1 week, 
2 weeks, and 4 weeks, respectively. 

in ALS, serum amylase level is often elevated owing to 
release of pancreatic enzymes into the peritoneal cavity and 
subsequent absorption by the lymphatics or bloodstream [3, 
5, 10]. Therefore, the dilated afferent loop may be confused 
with pancreatic pseudocyst by its clinical features and imaging 
appearance [3, 6, 7, 11, 14]. 

The sonographic finding of ALS is a large and dilated bowel 
loop at midabdomen, lying anterior to the abdominal aorta, 
similar to that seen on CT [7, 13]. Its differentiation from a 
pancreatic pseudocyst may be difficult [6]. Feiss et al. [7] 
commented that a well-defined margin and good sound trans- 
mission were observed in pancreatic pseudocyst, but a poorly 
defined margin and poor sound transmission were seen in 
afferent loop obstruction. On the basis of a series of longitu- 
dinal and transverse scans, Berger [6] reported that the 
appearance of the wall echoes was not helpful in the differ- 
entiation of ALS from pancreatic pseudocyst, but the shape 
of the mass was most important. The differentiation of ALS 
from pancreatic pseudocyst may be possible by location of 
afferent loop behind the superior mesenteric artery and vein. 
In our seven patients, ALS was diagnosed by anatomic loca- 
tion and shape of the dilated afferent loop. The dilated afferent 
loop was seen as a tubular structure in the upper abdomen 
crossing transversely over the midline. One end of the afferent 
loop continued to the anastomosis and the other end to the 
biliary system. The cause of ALS can be detected in some 
cases by sonography, as in our two cases of cancer. 

Kuwabara et al. [14] reported CT findings of the dilated 
afferent loop: a U-shaped cystic mass, the location of its 
caudal portion behind the superior mesenteric artery, and 
continuity of the mass with the biliary system. He emphasized 
that anterior displacement of the superior mesenteric artery 
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by a mass was a useful CT finding to differentiate the dilated 
duodenum from a pancreatic pseudocyst, and this finding 
was also useful in sonography. 

Abdominal radiographs may be useless because the affer- 
ent loop is fluid-filled and gasless owing to distal obstruction. 
In our series, only one case showed a gas-filled and dilated 
afferent loop. An upper gastrointestinal series may suggest 
the diagnosis of ALS because of nonfilling of the loop, but a 
firm diagnosis cannot be made because 20% of normal loops 
do not fill even in the best hands [1, 3, 4, 6, 13]. Delayed 
radiographs are essential to the diagnosis of partial obstruc- 
tion of the afferent loop [2]. 
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Splenic Hemangioma 


David G. Disler’ and Felix S. Chew 


During staging of prostatic carcinoma in a 70-year-old man, a 
round, well-defined splenic mass was discovered on abdominal CT. 
The lesion had a peripheral zone of slightly decreased attenuation 
and an irregular central zone of greater attenuation (Fig. 1). The lesion 
was hyperintense on T2-weighted MR images. The abdomen was 
otherwise normal. The differential diagnosis included metastasis, 
primary benign or malignant neoplasm, lymphoma, and abscess. After 
splenectomy, the gross pathologic examination revealed a 4.5-cm 
nodule composed of whitish, focally hemorrhagic tissue. The final 
pathologic diagnosis was cavernous hemangioma. 

A cavernous hemangioma is an unencapsulated mass of dilated, 
endothelially lined vascular channels filled with slowly flowing blood 
[1]. Typically 1-2 cm in diameter, a hemangioma can be much larger. 
Sonograms may show an inconsistent and nonspecific appearance 
of echogenicity and sharp margination, sometimes with cystic re- 
gions. Unenhanced CT shows a low-attenuation mass; with IV con- 
trast infusion, the vascular channels slowly fill from the periphery 
inward. Larger lesions fill more slowly and may do so incompletely 
and inhomogeneously. Similarly, because of the slow blood flow, 
nuclear imaging with *"Tc-labeled RBCs shows slow accumulation 
of activity in the lesion followed by slow washout. Nuclear scans with 
mTo-labeled sulfur colloid show a photopenic defect because the 
radionuclide is accumulated only by the functional splenic tissue. T2- 
weighted MR images show bright signal similar to that of bile, CSF, 


j B 


Fig. 1.—-Splenic hemangioma. 


or gastric fluid, because of long T2 relaxation times: this quality 
generally distinguishes hemangioma from solid neoplasms [2]. How- 
ever, regions of liquefied necrosis in solid tumors will be bright on 
T2-weighted MR images also [2]. 

Most splenic hemangiomas are discovered incidentally, and their 
Clinical importance generally lies in differentiating them from other 
conditions, particularly from metastases. Occasionally they may be 
associated with splenomegaly, abdominal pain, dyspnea, diarrhea, or 
constipation. Spontaneous rupture with hemorrhage is a risk with 
larger lesions [3]. No potential for malignancy exists. Hemangiomas 
are not treated unless they are symptomatic or very large, with 
increased risk of hemorrhage; treatment is splenectomy. Histologic 
examination is occasionally necessary for diagnosis. Although un- 
usual, hemangioma is nonetheless the most common primary splenic 
neoplasm. 
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A, Unenhanced CT scan shows a round splenic lesion with lower attenuation in center (long arrow) than in periphery (short arrows). 
B, Proton density-weighted MR image shows that center has low signal intensity but periphery is nearly isointense with spleen. 


C, Lesion becomes bright on T2-weighted MR image. 


D, Cut surface of gross specimen shows an unencapsulated hemorrhagic lesion (arrows) with central stellate scar. 
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Case Report 





Intramural and Intraperitoneal Hemorrhage Due to 


Duodenal Ulcer 


D. Randall Radin’ 


Complications of peptic ulcer disease include hemorrhage 
into the bowel lumen, perforation into the peritoneal cavity, 
penetration into adjacent viscera, and gastric obstruction [1]. 
Intramural or intraperitoneal hematoma due to bleeding duo- 
denal ulcer is rare. Two such cases are the subject of this 
report. 


Case Reports 
Case 1 


A 47-year-old man with a long history of alcohol abuse and multiple 
episodes of pancreatitis complained of abdominal pain. Four weeks 
earlier an ulcer was diagnosed on upper gastrointestinal series per- 
formed at another hospital. The pain decreased after medical therapy 
but returned when the medication was stopped. The patient denied 
hematemesis and melena, but occult blood was detected in the stool. 
Laboratory values on admission included hematocrit of 45% and 
serum amylase level of 433 U/L. CT examination several hours after 
admission showed marked gastric distension, marked compression 
of the proximal portion of the duodenum by a large intramural 
hematoma, a small amount of blood in the right retroperitoneum, and 
evidence of chronic calcifying pancreatitis (Fig. 1A). Hematocrit on 
the next day was 31%. The patient improved gradually with medical 
treatment. Ten days later, upper gastrointestinal series showed a 
duodenal ulcer, narrowing of the descending duodenum, and a 
smooth-walled channel lateral and parallel to the descending duo- 
denum, consistent with intramural dissection (Fig. 1B). Endoscopic 
examination showed a 2-cm ulcer with a central “diverticulum” in the 
duodenal bulb and partial obstruction of the lumen of the descending 
duodenum by a large submucosal mass with subepithelial hemor- 
rhage. Biopsy specimens showed acute and chronic inflammation. 


Follow-up CT examination and upper gastrointestinal series showed 
resolution of the intramural duodenal hematoma. 


Case 2 


A 67-year-old man with a history of alcohol abuse was admitted 
with a 4-day history of abdominal pain and bilious emesis. He was 
febrile, dehydrated, and hypotensive. Laboratory evaluation showed 
anemia (hematocrit 29%) and leukocytosis. Serum amylase level was 
499 U/L. Occult blood was present in the stool. CT examination 
showed a large hematoma inferior to the porta hepatis and lateral to 
the first portion of the duodenum (Fig. 2A). High-attenuation blood 
was seen in the lesser sac; blood of lower attenuation was present 
in the greater peritoneal sac. The pancreas was normal. Culture of 
nonclotting blood aspirated from the hematoma yielded Enterobacter 
aerogenes, Citrobacter freundii, and Group D enterococcus. One 
week later, contrast medium injected through a drainage catheter 
into the infected hematoma showed communication with a duodenal 
ulcer (Fig. 2B). Endoscopic biopsy showed nonspecific chronic inflam- 
mation. Arteriographic findings were normal. The patient was dis- 
charged after successful treatment by catheter drainage and antibiotic 
therapy. Results of follow-up CT examination 3 months later were 
normal. 


Discussion 


Duodenal ulcer is not often included on a list of causes of 
intramural hematoma or hemoperitoneum. Intramural duo- 
denal hematoma is usually due to trauma, anticoagulant ther- 
apy, or bleeding diathesis. Less common causes include 
pancreatitis, collagen disease, ERCP, bowel biopsy, and en- 
doscopic sclerosis of a bleeding ulcer [2, 3]. Intraperitoneal 
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hemorrhage can result from trauma; rupture of ovarian, he- 
patic, or small-bowel tumors; ectopic pregnancy; endometri- 
osis; pancreatitis; cholecystitis; appendicitis; ruptured arterio- 
sclerotic aneurysm or varices; and anticoagulant therapy [4]. 

In these two cases, the diagnosis of intramural or intraper- 
itoneal hematoma was made by the demonstration of a high- 
attenuation fluid collection on unenhanced CT. However, in 
neither case was the source of hemorrhage apparent. Al- 
though trauma with either duodenal hematoma or hemor- 
rhagic pancreatitis may occur in alcoholic patients, radiologic 
and endoscopic findings confirmed that duodenal ulcer was 
the cause in these two patients. In case 1, the extraluminal 
collection of barium lateral and parallel to the descending 
duodenum represented intramural dissection. It seems un- 
likely that an intramural duodenal hematoma due to blunt 
abdominal trauma would communicate with the bowel lumen 
via an eccentric ulcer. Although not, to my knowledge, previ- 
ously reported in the duodenum, a similar radiologic appear- 
ance has been described as “double-barreled esophagus” in 
dissecting intramural esophageal hematoma [5]. In case 2, 
the preliminary CT diagnosis was hemorrhagic hepatic tumor. 
Diagnoses of pancreatitis with hemorrhagic pseudocyst or 
pseudoaneurysm were considered unlikely because the pan- 
creas appeared normal and peripancreatic fat planes were 
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Fig. 1.—A, Unenhanced CT scan shows 
marked compression of duodenal lumen (ar- 
rows) by large intramural hematoma (H), disten- 
sion of stomach (S), multiple pancreatic calcifi- 
cations, and small amount of blood (arrowhead) 
in right retroperitoneum. 

B, Spot radiograph shows duodenal ulcer 
(black arrow), narrowing of descending duo- 
denum (open arrow), and intramural dissection 
of barium (solid white arrows). 


Fig. 2.—A, Unenhanced CT scan shows 12- 
cm hematoma (H) in right upper abdomen. Duo- 
denum is seen between hematoma and pan- 
creas (open arrow). Blood is present in lesser 
sac (solid arrow) and adjacent to liver and spleen 
(arrowheads). 

B, Spot radiograph shows communication be- 
tween infected hematoma (solid arrows) and 
duodenal bulb (B) via ulcer (open arrow). 


intact. Duodenal ulcer was not suspected until the sinogram 
was performed. Arteriography failed to show a pseudoaneu- 
rysm or other vascular abnormality. In both cases, follow-up 
CT examination showed resolution of the hematoma. 

Awareness of duodenal ulcer as a cause of intramural and 
intraperitoneal hemorrhage is important to enable diagnosis 
by upper gastrointestinal series or endoscopy, thus avoiding 
exploratory celiotomy, if hematoma is found in the region of 
the proximal duodenum in a patient without other known 
predisposing conditions. As illustrated by the two cases in 
this report, nonsurgical treatment may be sufficient. 
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Case Report 





Aortoenteric Fistula Manifested as an Intramural Duodenal 


Hematoma 


Michael A. Zeppa’ and John V. Forrest 


Aortoenteric fistula is an uncommon complication of aortic 
reconstructive surgery; however, it carries high rates of mor- 
bidity and mortality [1-3]. Communication of an aortic graft 
with the small bowel usually is associated with perigraft 
infection and almost always manifests as either gastrointes- 
tinal bleeding or sepsis [1, 3]. Clinical suspicion in the appro- 
priate setting is necessary for making the correct diagnosis 
and allows prompt treatment. intramural duodenal hematoma 
is a well-known entity with characteristic radiologic signs [4, 
5]. Hematomas are self-limited, and most spontaneously re- 
solve in 1-2 weeks with conservative treatment of nasogas- 
tric suction and IV fluids [4, 6]. A literature review revealed 
no previously reported association between duodenal hema- 
toma and AEF. We describe a case of an aortoenteric fistula 
causing an intramural duodenal hematoma that manifested 
clinically as proximal obstruction of the small bowel. 


Case Report 


A 64-year-old man came to the emergency department because 
of the sudden onset of sharp, constant supraumbilical abdominal 
pain. The day before admission, he had had one episode of coffee- 
ground emesis followed by an episode of hematemesis. Eight years 
earlier, he had had an aortobifemoral bypass for occlusive disease. 
He was afebrile and nonorthostatic and had a soft, distended abdo- 
men and mild epigastric tenderness. Stool was guaiac-negative. 
Hematocrit was 55.6, and leukocyte count was 19,100 cells/u! (19.1/ 
1) with a normal differential. 

Endoscopy showed moderate to severe diffuse esophagitis with 
possible bieeding and a large, pulsatile, submucosal mass in the third 
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portion of the duodenum. CT with oral and IV contrast material was 
performed. A 7 x 4 cm, submucosal, sausage-shaped mass with 
inhomogeneous density filled the third portion of the duodenum (Fig. 
1). A 3 x 3 cm, irregular, soft-tissue opacity without gas was present 
at the origin of the aortic graft. Duodenal hematoma due to aortoen- 
teric fistula was diagnosed, but the diagnosis was not accepted by 
our Clinicians and some other radiologists. During his initial hospital 
workup, the patient had a cerebral vascular accident that resulted in 
incomprehensible speech and right-sided paresis. Therefore, surgery 
was delayed, and he was treated with IV hydration, nasogastric 
suction, cimetidine, and prophylactic antibiotics. 

Abdominal sonography confirmed a 7.4 x 4.6 cm complex mass 
overlying the midabdominal aorta. Findings on an aortogram and a 
superior mesenteric arteriogram were normal. MR showed findings 
similar to those on CT. Signal characteristics of the intramural duo- 
denal mass were compatible with hematoma but did not show the 
characteristic high signal on T1-weighted images or the ring sign 
described by Hahn et al. [7]. 

Because of his evolving cerebral vascular accident, the patient was 
treated conservatively. He remained hemodynamically stable; naso- 
gastric output was minimal and heme negative. CT repeated on 
hospital day 24 showed resolution of the duodenal mass. Endoscopy 
repeated the next day showed no duodenal mass but continued 
esophagitis. On hospital day 30, he complained of abdominal pain 
and tenderness, nausea, and lethargy. CT at that point showed new 
thickening of the wall of the third portion of duodenum with areas of 
increased density. Exploratory laparotomy on hospital day 33 re- 
vealed a paraprosthetic aortoenteric fistula with minimal pus. Culture 
of this area grew one colony of penicillinase-negative Staphylococcus 
epidermidis. The postoperative course was uneventful, and the pa- 
tient was discharged 17 days after surgery with a Hickman catheter 
in place for long-term antibiotic treatment. 
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Discussion 


An aortoenteric fistula must be ruled out in any patient with 
a history of aortic reconstructive surgery who complains of 
gastrointestinal bleeding, sepsis, or abdominal pain. Patients 
classically have hematemesis, the so-called herald or sentinel 
bleeding, although hemorrhage can take the form of hema- 
tochezia, melena, or chronic guaiac-positive stools [1, 3]. The 
reported prevalence of aortoenteric fistula varies from 0.5% 
to 4.0%, with most of these patients also having a graft 
infection [1-3]. Development of an aortoenteric fistula is 
devastating, with a mortality rate of 30-75% [2, 3]. The most 
definitive diagnostic test for aortoenteric fistula is upper gas- 
trointestinal endoscopy. The fistula most commonly is seen 
in the third or fourth portion of the duodenum [1, 3]. Findings 
of other upper gastrointestinal pathologic changes do not rule 
out an aortoenteric fistula. 

Cross-sectional imaging allows assessment of the retro- 
peritoneum and the perigraft space. Findings of graft infection 
include focal thickening of the bowel wall; collections of fluid, 
air, or soft tissue in the perigraft space; and loss of normal 
tissue planes around retroperitoneal structures [1, 2]. Extrav- 
asation of oral contrast material around the graft or perigraft 
air are virtually diagnostic of aortoenteric fistula or graft 
infection [3, 8]. 

Intramural duodenal hematoma is caused most commonly 
by blunt abdominal trauma when the abdominal muscles are 
relaxed. Rarer causes include anticoagulant therapy, bleeding 
disorders, ruptured aneurysm, and acute pancreatitis [6]. 
Most likely to occur in children, it often is due to abuse or 
handlebar accidents [4, 6, 7]. In adults, it often is seen with 
steering wheel injuries and in alcoholics [4]. Patients complain 
of pain and tenderness in the right upper quadrant, nausea, 
and vomiting. 

Cross-sectional imaging also may be helpful in the diagnosis 
of intramural duodenal hematoma. The CT findings may in- 
clude partial or complete duodenal obstruction, nodular filling 
defects projecting into the lumen, a submucosal mass, thick- 
ened wall or folds, and an inhomogeneous or initial high- 
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Fig. 1.—CT scans of aortoenteric fistula. 

A, Image at level of transverse portion of 
duodenum shows a slightly inhomogeneous 
mass distending and obstructing bowel. 

B, Image 2 cm cephalad to A shows an irreg- 
ular soft-tissue density around origin of aortic 
graft. 


density mass that decreases in size and density with time [4, 
7]. 

On MR, the intramural duodenal hematoma may show a 
characteristic three-layered architecture. An outer capsule 
has very short T2 relaxation times, displaying low signal 
intensity on all sequences. A well-defined, concentric, bright 
ring inside the outer capsule has a high signal intensity on 
T1-weighted images. The core is often a central, low-intensity 
area thought to be a complex mixture of hemorrhagic solid 
and fluid components. These findings have been reported as 
the ring sign [7]. 

Our clinicians and some of our radiologists did not accept 
the original diagnosis of duodenal hematoma due to aortoen- 
teric fistula. This led to the sonographic and MR studies and 
a delay in surgery. However, the findings on the CT scan 
done on hospital day 24 are most consistent with resolution 
of a hematoma. We hope that recognition of duodenal he- 
matoma as a possible manifestation of aortoenteric fistula will 
allow others to avoid unnecessary further studies and proceed 
to prompt surgical repair. 
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Radiocontrast-Associated Renal 
Dysfunction: Incidence and Risk Factors 





Contrast-induced nephropathy is a potentially serious untoward reaction to radiologic 
contrast media. The incidence of this nephropathy and the predisposing conditions are 
not well established, possibly because of methodologic differences between studies. 
We evaluated the incidence of contrast-induced nephropathy after femoral arteriography 
in 394 patients by using multiple definitions (different increases in serum creatinine or 
blood urea nitrogen levels at various times). When an increase in the level of serum 
creatinine of greater than 0.3 mg/d! and greater than 20% on day 1, 2, or 3 and on day 
5, 6, or 7 was used to define the disorder, the incidence in our group of patients was 
10% for nonazotemic patients vs 30% for azotemic patients {p < .001); 2% for nondi- 
abetic, nonazotemic patients vs 16% for diabetic, nonazotemic patients {p = .003); and 
38% for patients who were both diabetic and azotemic vs 16% for diabetic, nonazotemic 
patients (p = .022). Baseline renal insufficiency and diabetes mellitus (especially when 
insulin dependent) were significant predisposing factors. The effects of dehydration 
and increased volume of contrast medium on the incidence of contrast-induced ne- 
phropathy were not clear; the age and sex of the patient were not important risk factors. 

The incidence of contrast-induced nephropathy depends on the definition used. 
Although contrast-induced nephropathy may develop in any patient, diabetes, renal 
insufficiency, and, possibly, dehydration and dose of contrast medium are risk factors. 
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An acute and sometimes irreversible decrease in renal function is a well-docu- 
mented complication of the use of radiologic contrast media [1-19]. The incidence 
of radiocontrast-associated renal dysfunction (RACARD) and any predisposing risk 
factors are, however, still open to question [20]. 

A significant rise in the level of serum creatinine (and occasionally blood urea 
nitrogen [BUN]) commonly has been used as an indicator of contrast-induced 
nephropathy [1-16]. Unfortunately, the definition of a significant change in creatinine 
level has varied widely in the literature [1, 20]. Baseline renal insufficiency has 
usually been defined as a precontrast level of serum creatinine (CrPre) above a 
threshold designated by the investigator. These baseline creatinine levels also have 
varied widely (Table 1) (2-15, 17]. 

We evaluated increases in serum creatinine level after femoral angiography in 
patients receiving either conventional high-osmolality contrast media (HOM), the 
newer lower-osmolality contrast media (LOM), or a combination of the two. Multiple 
Criteria were used to evaluate the decrease in renal function after angiography and 
the baseline renal insufficiency before the procedure. Each criterion was evaluated 
Statistically in an attempt to determine whether consistent trends could be detected 
and to determine which criteria are most appropriate. The significance of various 
reported possible risk factors, including elevated baseline levels of creatinine, 
diabetes (both insulin dependent and non-insulin dependent), volume of contrast 
medium administered, patient's state of hydration, and patient’s age and sex were 
evaluated [1-7, 10, 11, 14, 21, 22]. 
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TABLE 1: Definitions of Radiocontrast-Associated Renal Dysfunction (RACARD) and Elevation in Preangiography Creatinine Level 


Used in the Literature 


EDNET NNA ROETES 


Definition of Preexisting 





Benal Insufficien Definition of a Significant Time for 
Reference (S: sa aps é ce Increase in Serum increase Type of Contrast Study Incidence of RACARD (%) 
Level) Creatinine Level (Days) 
[2] Not given 225% 5 Exeretory urography Prior azotemic patients only 
(prospective) Nondiabetic 17/28 (61) 


[3] 21.5 mg/dl >0.3 mg/dl and >20% 


[4] >1.5 mg/di 21.0 mg/di 


[5] 21.6 mg/dl 22.0 mg/dl 


[6] =1.8 mg/d! or BUN BUN increase of 50% or 


= 30 mg/dl 20 mg/d! or creatinine 
increase of >1.0 mg/dl 
[7] 22.0 mg/dl >1.0 mg/di 
[8] 21.5 mg/dl and BUN =1.0 mg/d! 
= 30 mg/dl 
[9] 21.5 mg/dl 20.5 mg/dl 
{10} =1.7 mg/di Two criteria: 


>50% and >1.4 mg/dl 
{>25% and >1.4 mg/dl} 


Diabetic 11/12 (92) 


Renal angiography All patients 45/266 (17) 


(retrospective) Prior nonazotemic 2/54 (4) 
Prior azotemic 43/212 (20) 

Excretory urography All patients 18/377 (5) 
(retrospective) Nonazotemic, nondiabetic 


1/169 (0.6) 
Nonazotemic, diabetic 0/19 (0) 


All contrast studies All nephrology consultations 


(retrospective) 18/12,000 (0.15) 

All angiography Ail patients: 500 mi/hr of normal 
(prospective) saline given as prophylaxis 

0/537 (0) 

Excretory urography Diabetics with elevated baseline 
(retrospective) creatinine level 22/29 (76) 

Nonrenal angiography Prior nonazotemic, nondiabetic 
(prospective) 1/199 (0.5) 


Prior nonazotemic, diabetic 1/95 (1) 
Prior azotemic, nondiabetic 1/10 (10) 
Prior azotemic, diabetic 3/13 (23) 
All noncardiac angiogra- All patients 1/100 (1) 
phy (prospective) 
All intravascular contrast Diabetic, nonazotemic 0/85 (0) 
studies (prospective) {2/85 (2)} 
Diabetic, azotemic 3/34 (9) 
13/34 (9)} 
Nondiabetic, azotemic 4/101 (4) 
(6/94 (6)} 
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Materials and Methods 


We studied 394 patients who underwent femoral angiography at 
our institution in a period of less than 1 year. This group was chosen 
for its large proportion of elderly and/or diabetic patients, many of 
whom had underlying renal insufficiency and were presumably at 
increased risk for contrast-induced nephropathy [1]. Patients were 
studied consecutively by reviewing their charts and were excluded 
when records were unavailable. Historical data on each patient were 
obtained, and the patient's diabetic status, baseline BUN and serum 
creatinine levels, age, and sex were recorded. Diabetic status was 
determined from the patients’ charts as either insulin dependent (the 
patient required the routine injection of insulin) or non—-insulin de- 
pendent (only oral hypoglycemic agents were administered). The 
BUN/creatinine ratio, which correlates with the state of hydration, 
was used as an indicator of the status of the patient’s fluid volume 
(the normal value is about 10; we used a ratio of >15 as the cutoff 
for dehydration) [23, 24]. 

HOM (sodium diatrizoate, Hypaque 60%, and sodium/meglumine 
diatrizoate, Hypaque 76%, Winthrop Pharmaceuticals, New York, 
NY) were used in 143 patients who were studied retrospectively. 
LOM (sodium/meglumine ioxaglate, Hexabrix, Mallinckrodt, Inc., St. 
Louis, MO, or iohexol, Omnipaque 300 or Omnipaque 350, Winthrop 
Pharmaceuticals) were given to 160 patients who were studied 
prospectively. A combination of LOM for power injections and HOM 
for hand test injections was used in 91 patients who were studied 
retrospectively. This group of patients underwent angiography before 
the inception of our study. LOM were used in order to decrease the 


pain associated with femoral angiography and because these patients 
had a poorer baseline medical status (i.e., congestive heart failure or 
a history of recent myocardial infarction), which was thought to place 
them at a higher risk for contrast-related complications. The total 
volume of contrast material administered (both power and hand 
injections) was recorded in the prospective study. Test volumes 
injected by hand were not recorded routinely and therefore could not 
be obtained for those patients studied retrospectively. 

Serum creatinine values were recorded on the day of (and/or the 
day before) angiography (CrPre) and for 7 days after angiography 
(when available). Data availability in the prospective and the retro- 
spective groups was as follows: Day 1: 83% and 90%; day 1, 2, or 
3: 96% and 100%; day 5, 6, or 7: 64% and 29%, respectively. 
Surgery was performed on 180 (46%) of the 394 patients within 5 
days of arteriography; almost all of these were for vascular repair of 
the lower extremity. Data beyond 7 days are not included in this 
study because they were difficult to obtain and are incomplete. 

Patients received either unilateral femoral artery injections (47%), 
low-abdominal aortic injections (31%), or transiumbar injections (8%): 
several patients had peripheral angioplasty (15%). 

The incidence of contrast-induced nephropathy, as defined by 
muitiple criteria, was determined for the groups of patients selected, 
and these incidences were compared; statistical analyses were per- 
formed using Fisher's exact probability test (two-tailed). Scatter plots 
of the maximal changes in the level of serum creatinine by day 7 
were plotted against multiple parameters to evaluate correlation: 
CrPre, power-injected volume of contrast medium (bolus volume), 
BUN/creatinine ratio, and patient's age. Patients were excluded from 
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a given analysis if relevant data were missing (e.g., appropriate 
creatinine and BUN values, diabetic status, age). However, a patient 
exciuded from one analysis may have had sufficient data to be 
included in another analysis by different criteria. Hence, the total 
number of patients for each criterion varied depending on the param- 
eters required. 

We chose a serum creatinine value of greater than 1.5 mg/dl 
(CrPre) as the level for the definition of precontrast renal insufficiency. 
This roughly corresponds to the clinically significant level commonly 
used [3-5, 8, 9, 12] and to our laboratory's normal value. Use of 
upper limit of normal creatinine level below 1.5 mg/d! blurs the 
distinction between patients with normal and abnormal renal function 
because patients with normal function who have increased muscle 
mass often have serum creatinine values in the 1.2-1.5 mg/dl range. 
Selecting a higher value {in the 1.5-2.0 mg/dl range) excludes from 
the precontrast renal insufficiency group smaller patients who have 
significant renal insufficiency. (Preliminary analyses using >1.8 mg% 
as the definition of elevated CrPre level also were performed). 

Additional analyses were conducted by using analysis of variance 
models on 381 patients (patients were excluded if they had no 
creatinine data on day 1 through day 3). We simultaneously evaluated 
the effects of CrPre levels (<1.5 mg/d! vs >1.5 mg/dl), diabetic status 
(nondiabetic vs non-insulin-dependent diabetic vs insulin-dependent 
diabetic), dehydration (BUN/Cr <15.71 vs >15.71), volume of con- 
trast medium (<70 ml vs >70 mi), age of patient (<70 years vs >70 
years), and all two-way interactions between these variables on the 
maximal percentage of increase in serum creatinine level by day 3, 
while controlling for differences due to contrast medium. Preliminary 
analyses showed that neither the volume of contrast material, dehy- 
dration, nor any two-way interaction involving these two factors were 
a significant source of variation. Therefore, these factors were deleted 
from the final analysis of variance model. Paired comparisons were 
then conducted on the least squares means of those main effects 
and interactions that were found to be significant (p < .05). These 
Statistical analyses were conducted by using the GLM (General Linear 
Models) procedure in the SAS (Statistical Analysis System) computer 
package. 


Results 


A large statistically significant increase was seen in the 
incidence of contrast-induced nephropathy for patients with 
preexisting renal insufficiency (Fig. 1). This was true for all 
five criteria (I-V) when a rise in creatinine level was used as 
the definition of contrast-induced nephropathy. The BUN cri- 
terion (VI) failed to show a difference. The results obtained 
(not shown) when elevated CrPre was considered greater 
than 1.8 mg/dl were similar. A scatter plot of CrPre vs maximal 
change in serum creatinine level after the administration of 
contrast material revealed a weak positive correlation (not 
shown, r = .247). The correlation was even lower when the 
data were subjected to a rank correlation or when the data 
were normalized. 

Diabetics were at increased risk for contrast-induced ne- 
phropathy compared with nondiabetics (Fig. 2A). This was 
true for all six criteria and for all creatinine groups (except 
criterion IV, group L). Statistical significance was present in 
the combined group (A) by criteria I, Il, and VI. When patients 
with normal CrPre (L) were considered, diabetics were at a 
Statistically significant increased risk for contrast-induced 
nephropathy by criteria | and VI. When patients with elevated 
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CrPre (G) were considered, diabetics were at a statistically 
significant increased risk for contrast-induced nephropathy Dy 
criterion Íl. 

In addition, diabetics with preexisting renal insufficiency 
were at markedly greater risk for contrast-induced nephrop- 
athy than were diabetics who had normal renal function before 
the administration of contrast material. (Fig. 2A: the solid bar, 
diabetics, labeled G is markedly higher than the solid bar 
labeled L for all creatinine criteria. The p values are as follows: 
criteria | = .022, Il = .002, HI = .050, IV < .001, V < .001.) 
Also, nondiabetics with elevated CrPre were at considerably 
increased risk compared with nondiabetics with a normal 
CrPre. (Fig. 2A: the open bar, nondiabetics, labeled G is 
higher than the open bar labeled L for all creatinine criteria. 


| Key to Abbreviations Used in Figures 
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Criteria Definitions 


| increase in creatinine level >0.3 mg/dl and 
>20% on day 1, or 2, or 3 and on day 5, 
or 6, or 7 


il increase in creatinine level >0.3 mg/di and 
>20% on day 1, or 2, or 3 


li increase in creatinine level >0.3 mg/dl and : 
>20% on day 1 or 2 | 


IV increase in creatinine level =2.0 mg% on | 
day 1 or 2 


V increase in creatinine level =1.0 mg% on | 


220 mg% or =50% on day 1 
Abbreviations 
A ail patients in the category 


G all patients in the category with CrPre >1.5 | 
mg/dl | 


L all patients in the category with CrPre <1.5 | 
mg/dl 


BUN blood urea nitrogen 


| day 1 : 
VI increase in blood urea nitrogen (BUN) level : 
| 

: creatinine level preangiography 

| 

| 

| 

| 

| 


HOM _high-osmolality media 

LOM _ lower-osmolality media 
np/tn number of patients who meet criteria/total | 
number of patients in this group | 

RACARD radiocontrast-associated renal dysfunction 
Note | 
p values calculated by using Fisher's exact probability _ 
test (2-tailed) 
ac 0e ISOC EA TOR SE a ied SED AE NN, ES ER Oe ec wok 


% of patients with RACARD 


2 © . @ D D D D 2 
npin = a N w Q ~ Q = 
uy - 3 © ap uy Le] © r- 
Te i Ww kg 
p value 001 004 010 ' <.001 
criteria | i li j ili ' IV 
The p values are as follows: criteria | = .002, Il = .146, Ill = 


090, IV = .056, V = .017.) 

Contrast-induced nephropathy occurred more often in in- 
sulin-dependent diabetics than in non-insulin-dependent dia- 
betics (Fig. 2B) with criteria l-V; criterion VI, which used a 
rise in BUN, showed the opposite relationship between 
groups. Statistical significance was not present for any of the 
six criteria. 

The additional analyses conducted by using an analysis of 
variance model showed significant differences in maximal 
percentage of increase in creatinine level (by day 3) on the 
basis of diabetic status, CrPre, and the two-way interactions 
of age by CrPre and diabetic status by CrPre (Table 2). 
Patients with an elevated CrPre had a significantly larger 
increase in creatinine levels than did patients who had a 
normal CrPre. Insulin-dependent diabetics had a significantly 
larger increase in creatinine level than did nondiabetics or 
non-insulin-dependent diabetics. There was no significant 
difference between the nondiabetic and non-insulin-depend- 
ent diabetic groups in the percentage of increase in creatinine 
levels. insulin-dependent diabetics with an elevated CrPre 
had a significantly larger increase in creatinine than did insulin- 
dependent diabetics with a normal CrPre. The insulin-depend- 
ent diabetics with an elevated CrPre also had a significantly 
larger increase in serum creatinine level than did nondiabetics 
or non-insulin-dependent diabetics, regardless of the CrPre. 
Nondiabetics with an elevated CrPre had a significantly larger 
percentage of increase in creatinine level than did nondiabet- 
ics with a normal CrPre. Among non-insulin-dependent dia- 
betics, no significant difference was seen in the percentage 
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Fig. 1.-—A comparison of incidence 
of RACARD in patients with normal and 
elevated CrPre when multiple criteria 
for RACARD are used. All patients are 
included regardiess of type of contrast 
media administered. Note markedly 
higher and statistically significant risk 
of RACARD for patients with an ele- 
vated CrPre by ali criteria except the 
poorly discriminatory BUN criterion (V}). 


of increase in creatinine levels between the elevated and 
normal CrPre groups. 

When evaluated with a scatter plot like that used by Miller 
et al. [22], the total volume of contrast medium administered 
during power injections (boluses) runs showed no relationship 
to the degree of increase in creatinine level (Fig. 3A). The 
possibility of a selection bias (a tendency for the angiographer 
to administer lower volumes of contrast medium to patients 
with higher CrPre) was refuted: a scatter plot of CrPre vs 
volume of contrast medium (not shown) showed no correla- 
tion. Those patients who had both the volumes of power- and 
hand-injected contrast medium recorded aiso showed no 
increase in contrast-induced nephropathy with increasing total 
volume of contrast material administered. We showed a direct 
correlation between total bolus volume and flush volume. 
Consequently, we think it reasonable to extrapolate a direct 
relationship between bolus volume and flush volume (and 
therefore total volume) in all 394 patients used in Figures 3A 
and 3B. Evaluation by using the analysis of variance model 
(with volume of contrast media injected as the independent 
variable) showed no significant influence of the dose of con- 
trast material on the percentage of increase in creatinine level 
by day 3. 

However, when the same volume data were analyzed for 
contrast-induced nephropathy by using multiple criteria, con- 
flicting results were obtained (Fig. 3B). Patients who received 
more contrast material than the median volume were at 
increased risk for contrast-induced nephropathy by all criteria 
compared with those who received less; statistical signifi- 
cance was shown by using criteria Il, I, and VI. 


AJR:157, July 1991 INCIDENCE AND 


Fig. 2.-~-A, A comparison of inci 50 
dence of RACARD for diabetics vs non- ‘ 
diabetics. This is shown for all patients 45 
regardiess of CrPre (A), for patients 
with normal CrPre (L), and for patients 
with elevated CrPre (G). Six different 40 


criteria of RACARD are shown. Dia- 
betics are at greater risk for RACARD 
for ali CrPre groups and by ali criteria. 
Note aiso that for each creatinine cri- 
terion, patients with an elevated CrPre 
(G} are at increased risk for RACARD 
vs normal CrPre (L) for both diabetics 
and nondiabetics. 

8, A comparison of incidence of RA- 
CARD in patients with non-insulin-de- 
pendent diabetes vs insulin-dependent 
diabetes for ail CrPre values. 
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Increasing age as an independent risk factor for contrast- 
induced nephropathy [5] is not supported by our data using 
the incidence of RACARD (Fig. 4) or by a scatter plot (plot 
not shown, r = .00361). No significant difference in the 
incidence of RACARD was present between men and women. 

When a scatter plot (not shown, r = .0618) and the analysis 
of variance model (not shown) were used, the patient's state 
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of hydration as measured by the BUN/creatinine ratio had no 
significant correlation with the maximal rise in creatinine level. 
When the incidence of RACARD was evaluated by criteria H- 
V (Fig. 5), no statistically significant difference is shown. 
However, criteria I-Ill, show a trend suggesting increased risk 
for the relatively hypovolemic patients. Criteria IV and V failed 
to demonstrate a difference. The BUN criterion Vi showed 
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TABLE 2: Analysis of Variance of Maximal Percentage of 
increase in Creatinine Level from Baseline by Day 3 After 
Angiography with Significant Main Effects and Interactions 





Main Effects and Interactions Least Squares Mean? 


Type of diabetes 
None 17.72 a 
Non-insulin-dependent 14.96 a 
insulin-dependent 40.62 b 
Creatinine Level Preangiography (CrPre) 
>1.5 mg/dl 32.75 a 
<1.5 mg/dl 16.12 b 
Age (years) x CrPre (mg/dl) 
<70 x 51.5 13.28 a 
<70 x >1.5 41.06 b 
>70 x <14.5 18.97 a 
>70 x >1.5 24.43 ab 
Diabetic Status x CrPre (mg/dl) 
Nondiabetic x <1.5 9.03 a 
Nondiabetic x >1.5 26.41 b 
Non-insulin-dependent x <1.5 18.93 ab 
Non-insulin-dependent x >1.5 10.99 ab 
insulin-dependent x <1.5 20.41 ab 
insulin-dependent x >1.5 60.84 c 





* Means within a main effect or interaction with the same letter (a, b, or c) 
are not significantly different from each other (p = .05). 


the opposite relationship, possibly because the BUN was 
elevated disproportionately in the patients who had an in- 
creased preangiography BUN/creatinine ratio because of pre- 
renal factors. 

When groups of patients are compared, it is desirable to 
eliminate the state of hydration as a variable. The BUN/ 
creatinine ratio was compared for nondiabetics vs diabetics 
and non~insulin-dependent vs insulin-dependent diabetics be- 
fore and after angiography, and indeed, the fluid volume 
Status was similar and did not appear to cause any bias in 
these groups. 


Discussion 


Regardiess of the mechanism of renal injury (which is 
controversial [1, 5, 17]), the clinically significant nephrotoxic 
effects of radiologic contrast media are acknowledged uni- 
versally. It has been estimated that 10% of cases of acute 
renal failure result from the administration of radiologic con- 
trast media and that these agents are more commonly the 
cause of hospital-acquired renal insufficiency than are the 
aminoglycoside antibiotics [25]. 

Many conditions have been implicated as possible risk 
factors for contrast-induced nephropathy. Patients with 
preexisting renal insufficiency were considered to be at in- 
creased risk for this type of nephropathy from 1923 to 1963, 
contraindicating excretory urography in these patients during 
this time [1]. After the introduction of sodium diatrizoate in 
the late 1950s, excretory urography was reported to be safe 
in these patients [26]. Numerous reports of renal failure 
related to the use of radiologic contrast medium in diabetic 
and azotemic patients led to another reversal of opinion in 
the mid-1970s, with resultant reluctance to administer con- 
trast material to such patients [1, 6]. The relationship of the 
osmolality of the contrast medium to the various postulated 
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mechanisms of renal injury has not been established, and 
only recently have large clinical studies investigating the effect 
of low-osmolality contrast agents on contrast-induced ne- 
phropathy been published [27-29]. 

A variety of risk factors for contrast-induced nephropathy, 
in addition to preexisting renal disease, have been proposed, 
including diabetes mellitus, dehydration, multiple myeloma, 
large doses of contrast medium, peripheral vascular disease, 
hypertension, proteinuria, and age greater than 60 years [1]. 

The parameters used to identify contrast-induced nephrop- 
athy have included serial determinations of serum levels of 
creatinine and BUN [1-14, 16], measurement of urinary cre- 
atinine clearance [2], the identification of oliguria [15], meas- 
urement of urinary proteins such as 8-hexosaminidase [30], 
and radiologic identification of a persistent nephrogram after 
exposure to contrast media [18, 31-33]. Because serum 
levels of creatinine may increase as early as 24 hr after 
exposure to contrast medium and tend to peak on the third 
to fifth day, measurement of serum creatinine level in the first 
5 days after exposure to contrast material is the most practical 
method for identifying contrast-induced nephropathy [1, 14]. 
Changes in the fractional excretion of urinary electrolytes are 
not detectable in the absence of changes in the level of serum 
creatinine [14]. 

Table 1 summarizes several studies that examined renal 
function after the administration of radiologic contrast media. 
Note the wide variations in the definitions of preexisting renal 
insufficiency, the definition of significant change in serum 
creatinine level, and the time allowed for such change to 
occur. The reported incidences of radiocontrast-associated 
renal dysfunction (RACARD) vary widely, even when similar 
groups of patients are compared, which may be related to 
the definition of RACARD used. 

In attempting to discriminate between the incidence of 
contrast-induced nephropathy in two groups of patients with 
different risk factors, the criteria chosen to define contrast- 
induced nephropathy, as well as the definition of preexisting 
renal insufficiency, may have significant impact. This makes 
it difficult to compare studies that use different definitions [1, 
20]. Certain criteria (such as those used by Eisenberg et al. 
[6], by Byrd and Sherman [5] (Table 1), and our criteria 
numbers IV and V} are quite restrictive and more difficult to 
fulfill, possibly resulting in a falsely low incidence of contrast- 
induced nephropathy in some groups of patients, and thereby 
achieving little discriminating power (e.g., Fig. 2A, criteria IV 
and V, group L). For example, a rise in the serum level of 
creatinine of 1 mg/dl over 24 hr (criterion IV), may require a 
nearly complete cessation of glomerular filtration. A rise in 
BUN may be a poor discriminator because it is particularly 
subject to other variables, such as the state of hydration 
[24]. The lack of sensitivity and specificity of this latter crite- 
rion is seen in our criterion number VI (e.g., Figs. 1, 2B, and 
5) and confirmed by examining another study [6]. In a recent 
article [10], contrast-induced nephropathy was defined initially 
as a rise in creatinine level of more than 50% and subse- 
quently as a rise of more than 25%. Their latter criterion, 
although appearing less restrictive than their initial criterion, 
also required that the rise in creatinine level be “above 120 
umols per liter (1.4 mg/dl) on day 2.” Consequently, a patient 
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Fig. 3.—A, Scatter plot shows no 
correlation between total volume of 
contrast media administered and max- 
imal change in creatinine level by day 
7 in 394 patients. Similarly, no correla- 
tion exists between volume of contrast 
material and maximal change in creat- 
inine level by day 3 (not shown). 

B, A comparison of incidence of RA- 
CARD in patients receiving larger vol- 
umes of contrast media (>70 mi) vs 
those receiving smaller volumes of 
contrast media (<79 mi) for all CrPre 
values when six different criteria for 
RACARD are used. An increase in in- 
cidence of RACARD in the >70 mi 
group is higher by all criteria. Statistical 
significance is shown by criteria li, H, 
and VI. 
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with a normal baseline creatinine level could have had a 100% 
rise in creatinine level (e.g., CrPre = 0.7, day 2 creatinine = 
1.4 mg/dl) and presumably would not have been included in 
the group with a significant increase. After less restrictive, 
more sensitive discriminating criteria were applied to our data 
(criteria I-III), statistically significant differences between 
groups became apparent. Criteria Il and Ili identify those 
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patients for whom angiography has decreased glomerular 
filtration transiently by 10-20% or more [24]. Although in 
most cases renal function quickly recovers, such large fluc- 
tuations in renal physiology may reflect significant, and pos- 
sibly irreversible, renal injury. Criterion | classifies as contrast- 
induced nephropathy only those patients whose initial rise in 
creatinine level persists into the fifth through seventh days 
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after angiography. With our data, this added restriction de- 
creased the number of patients with sufficient data to be 
included in the group and therefore made it more difficult to 
attain statistical significance (e.g., Fig. 2A, criterion |, group 
G). Nevertheless, the trend is the same as with another less 
restrictive criterion, for which statistical significance is shown 
(Fig. 2A, criterion ll, group G). Criterion |, by requiring a 
persistent elevation of creatinine level, probably reveals pa- 
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Fig. 4.—Comparison of incidence of 
RACARD in younger and older patients 
when six different criteria for RACARD 
are used. No consistent trend is seen 
by multiple criteria. Note, however, that 
if criterion IV only were used, one might 
think that a significant correlation ex- 
ists. 
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Fig. 5.—-Comparison of incidence of 
RACARD when six criteria for RACARD 
are used and patients are divided into 
two groups, BUN/Cr < 15.71 and BUN/ 
Cr > 15.71 (15.71 is median value). 
Patients with higher BUN/Cr ratio show 
an increased risk for RACARD by cri- 
teria |, H, and Hl. 


” ~ > - ~ - = ” - +» -_— = - - “ - - - 


get 8 s 
Ss os ' R i 
1.00 008 
V i Vi 


tients with more significant renal damage. Criteria Il and II! 
(more sensitive crirteria) have the virtue of eliminating the 
fewest patients on the basis of incomplete data in a clinical 
setting and are more sensitive for RACARD; however, these 
criteria will include some false-positives because of daily 
variation in serum levels of creatinine. Criteria |, IV, and V 
(more specific criteria for RACARD) require a persistent (I) 
and/or a substantial (IV and V) rise in serum creatinine level, 
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showing patients with more significant renal damage. We 
conclude that all five creatinine criteria have merit and that 
they probably are used best in conjunction with each other. 

All five creatinine criteria show a considerable, statistically 
significant increase in the incidence of RACARD in the group 
with an elevated CrPre (Fig. 1). The lack of a strong correlation 
between CrPre and maximal change in creatinine (r = .247) 
simply shows that the relationship is not linear. 

Although the higher risk of contrast-induced nephropathy 
in patients with renal insufficiency and in patients with diabe- 
tes mellitus has been established [1, 17], the relationship of 
renal insufficiency and diabetes as separate and additive risk 
factors has been unclear. Earlier reports [4, 8] that used 
relatively stringent criteria (Table 1) found that diabetics with 
normal CrPre carried no more risk for contrast-induced ne- 
phropathy than did nondiabetics with normal CrPre. Our data, 
for which multiple criteria are used, may contradict this, 
showing that diabetics with normal CrPre are at greater risk 
for contrast-induced nephropathy than are nondiabetics with 
a normal CrPre (Fig. 2A). Two studies [3, 8] suggested that 
the likelihood of contrast-induced nephropathy is no greater 
for patients with diabetes and azotemia than for nondiabetic 
patients with azotemia. Our data show that azotemic patients 
with diabetes are at increased risk compared with both non- 
diabetics who have an elevated CrPre and diabetics who have 
a normal CrPre (Fig. 2A); this is supported by two other 
reports [2, 4]. We further showed that insulin-dependent 
diabetics are probably at higher risk than are non-insulin- 
dependent diabetics (Table 2). Moreover, we show that risk 
factors appear to be additive (Fig. 2A, Table 2), which is in 
agreement with Cochran et al. [3]: the highest risk is for 
insulin-dependent diabetics with elevated CrPre. It must be 
remembered that absence of risk factors does not preclude 
the development of contrast-induced nephropathy; by one 
definition its incidence was 13% in nondiabetic, nonazotemic 
patients after femoral angiography (Fig. 2A, criteria Il, group 
L). 

Some reports have suggested a positive relationship be- 
tween the dose of contrast material and contrast-induced 
nephropathy [1, 10, 11, 34, 35], whereas other studies claim 
that increasing the dose does not increase the risk of contrast- 
induced nephropathy [1, 8, 14, 22}. Our results show that the 
method of interpreting data on the volume of contrast medium 
may make a difference. When scatter plots (Fig. 3A) are used, 
as used by Miller et al. [22], no effect of volume on the 
incidence of contrast-induced nephropathy is shown; this is 
also true for our analysis of variance model. However, when 
multiple criteria are used to determine if there is a correlation 
between the volume of contrast material administered and 
the incidence of contrast-induced nephropathy, an effect is 
shown (Fig. 3B). 

Older retrospective studies and more recent prospective 
studies do not agree on the association of previous volume 
depletion with contrast-induced nephropathy [1]. When we 
used a scatter plot and the analysis of variance model, no 
correlation is present. Using the six criteria for RACARD, we 
showed only a nonstatistically significant trend that suggested 
a positive correlation between the BUN/creatinine ratio before 
angiography and the likelihood of contrast-induced nephrop- 
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athy (Fig. 5). This lends some support to the contention that 
dehydration at the time of administration of contrast materia! 
is a risk factor for contrast-induced nephropathy, 

increasing age of the patient did not confer an increased 
risk of contrast-induced nephropathy in our study (Fig. 4), 
supporting the data of previous studies [2, 35]. We cannot 
evaluate peripheral vascular disease as an independent vari- 
able with our population of patients, nor can we compare 
intraarterial with IV injection. 

In summary, the patients at increased risk for contrast- 
induced nephropathy are insulin-dependent diabetics (non- 
insulin-dependent diabetics do not seem to be at increased 
risk in our study group) and patients with underlying renal 
insufficiency. The effects of poor hydration and the volume of 
contrast medium administered are less clear but are possible 
risk factors; prudence and the requirements of the examina- 
tion must determine the amount of contrast material used. 
The risk for contrast-induced nephropathy does not appear 
to be influenced by the patient’s age or sex. Risk factors may 
be additive. The definition of contrast-induced nephropathy 
used has a significant effect on the incidence of the nephrop- 
athy. Using multiple criteria for contrast-induced nephropathy 
is somewhat cumbersome and inevitably does not always 
achieve statistical significance for all criteria; however, a closer 
estimation of the true risk of renal damage may be obtained. 
Those criteria in which statistical significance is not achieved 
usually show the same trend as the statistically significant 
criteria. Absence of risk factors does not preclude the devel- 
opment of contrast-induced nephropathy after femoral an- 
giography; by one definition its incidence was 13% in nondi- 
abetic nonazotemic patients (Fig. 2A). 
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Radiocontrast-Associated Renal 
Dysfunction: A Comparison of Lower- 
Osmolality and Conventional High- 
Osmolality Contrast Media 





Nephropathy is an established untoward event associated with intravascular admin- 
istration of conventional high-osmolality contrast media (HOM). It has not been shown 
previously that lower-osmolality contrast media (LOM) are less nephrotoxic in a clinical 
setting. We evaluate the ability to replace HOM with LOM (in lower-extremity angiogra- 
phy) to reduce the incidence of nephropathy. We use multiple definitions for contrast- 
induced nephropathy (six different magnitudes of rise of serum levels of creatinine or 
blood urea nitrogen in various periods). The incidences of nephrotoxic effects with LOM 
vs HOM in patients with presumed risk factors, including preexisting renal insufficiency 
and diabetes, are evaluated also. When all patients are considered, the incidence of 
contrast-induced nephropathy for LOM vs HOM (defined as an increase in serum 
creatinine level >0.3 mg/dl and >20% on day 1, 2, or 3 and on day 5, 6, or 7, is 7% vs 
26% (p = .001). When only patients with preangiography azotemia are considered, the 
incidence of contrast-induced nephropathy for LOM vs HOM is 10% vs 41% {p = .017); 
for diabetic patients, regardless of preangiography creatinine levei, the incidence is 
10% vs 31% (p = .012). 

Although contrast-induced nephropathy may develop even in a patient with no risk 
factors who receives LOM, LOM is associated with a decreased incidence of this 
condition, to various degrees, depending on the presence of risk factors. 
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One of the alleged benefits of the new lower-osmoiality contrast media (LOM) 
when compared with conventional high-osmolality contrast media (HOM), based 
on animal and in vitro studies, is a decrease in contrast-induced nephrotoxic effects 
[1-3]. Clinical studies comparing the nephrotoxic effects of LOM with those of 
HOM have suggested littie or no difference [4-11]. The purpose of this study was 
to determine whether a switch to the more expensive [12, 13] LOM wil decrease 
the incidence of radiocontrast-associated renal dysfunction (RACARD). Using mul- 
tiple analyses, as in Lautin et al. [14], we compared the incidence of contrast- 
induced nephropathy in a group of patients who received HOM with the incidence 
in a group of patients who received LOM for femoral angiography. 

The term “low osmolar” is a misnomer because these agents, although signifi- 
cantly lower in osmolality when compared with the conventional agents, are still 
hyperosmolar when compared with serum (e.g., HOM: diatrizoate meglumine 60% 
= 1400 mOsm/kg, diatrizoate 76% = 2016 mOsm/kg; LOM: iohexo! 300 = 672 
mOsm/kg, ioxaglate 320 = 600 mOsm/kg, iohexol 350 = 844 mOsm/kg; serum = 
280 mOsm/kg) [12]. We, therefore, will use the term lower-osmoiality contrast 
media. 


Materials and Methods 


Three hundred three patients undergoing femoral angiography were studied. This group 
was selected because it contained a large proportion of elderly and/or diabetic patients, many 
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of whom had underlying renal insufficiency and were presumably at 
increased risk for contrast-induced nephropathy [14]. 

One hundred forty-three patients received HOM (meglumine diatri- 
zoate, Hypaque 60% and sodium/meglumine diatrizoate, Hypaque 
76%, Winthrop Pharmaceuticals, New York, NY) and were studied 
retrospectively. Data for the HOM group were obtained by a retro- 
spective review of consecutive patients’ charts about 2 months 
before we started the prospective data collection on LOM patients. 
(Once we began using LOM for femoral angiography, we found that 
there was a marked reduction in pain and we could no longer justify 
the use of HOM. For this reason, HOM data had to be obtained 
retrospectively.) One hundred sixty consecutive patients received 
LOM (sodium/meglumine ioxaglate, Hexabrix, Mallinckrodt, Inc., St. 
Louis, MO, or iohexol, Omnipaque 300 or Omnipaque 350, Winthrop 
Pharmaceuticals); these patients were studied prospectively and 
were alternated between receiving ioxaglate alone and receiving 
iohexol alone. Clinical and baseline laboratory data for the LOM 
patients were obtained before the angiogram. 

The demographics in the LOM and HOM groups were similar for 
percentage of diabetics, percentage of patients with preangiography 
azotemia, volume of contrast media injected, blood urea nitrogen/ 
creatinine ratio (BUN/Cr), and sex and age distribution (Table 1). The 
number of patients who had surgery by day 5 after angiography is 
slightly greater for the LOM group. Serum creatinine values were 
recorded on the day of and/or the day before angiography (CrPre) 
and daily for 7 days after angiography (when available). Creatinine 
data availability for days 1 through 3 was slightly higher in the HOM 
group; for days 4 through 6, it was higher for the LOM group (Table 
1). 

All patients received either unilateral femoral artery injections or 
low-abdominal aortic injections. A smaller number of patients had 
translumbar injections or underwent peripheral femoral angioplasty. 
The distribution of the type of study performed is very similar in the 
LOM and HOM groups (Table 1). 

The incidence of contrast-induced nephropathy, as defined by 
multiple criteria, was determined for the patient groups selected, and 
the incidences were compared (see abbreviation key for definitions 
of criteria) as in Lautin et al. [14]. Statistical analyses were performed 
using Fisher's exact probability test (two-tailed). Patients were ex- 
cluded if the relevant data were missing. Blinded statistical analyses 
were performed through the research facilities of Mallinckrodt, Inc. 
(St. Louis, MO). 

Additional investigation with an analysis of variance model was 
conducted on 290 patients to simultaneously examine the effects of 
CrPre level (<1.5 mg/dl vs >1.5 mg/dl), the type of contrast medium 
used (LOM vs HOM), and the two-way interaction of these factors 
on the maximal percentage of increase in creatinine levels by day 3 
after the procedure. Paired comparisons were then conducted on the 
least squares means of the main effects and interactions that were 
found to be significant (p < .05). These statistical analyses were 
conducted by using the GLM (General Linear Models) procedure in 
the SAS (Statistical Analysis System) computer package. 


Results 


There is a decrease in the incidence of contrast-induced 
nephropathy when LOM are used instead of HOM (Fig. 1). 
This is true for virtually all the criteria used and is statistically 
significant for many (Fig. 1: criteria I-A,L,G; Il-A,G; Ill-A,G). 
This decrease in contrast-induced nephropathy with LOM is 
clearer in the setting of an elevated baseline creatinine level 
than with a normal baseline creatinine level (with a normal 
CrPre, statistical significance is only shown using criterion |: 


AJR:157, July 1991 


criteria Il and ill demonstrate the same trend, and no patient 
with a normal CrPre, from either the LOM or the HOM group, 
satisfies criteria IV or V). The analysis of variance model 
demonstrated that patients receiving HOM had a significantly 
larger percentage of increase in creatinine level than did 
patients receiving the LOM (least squares mean HOM = 
32.55% vs LOM = 10.94%, p < .05). 

In the HOM group, patients with an elevated CrPre are at 
considerably increased risk for contrast-induced nephropathy 
compared with those with a normal CrPre. (Fig. 1: the solid 
bar, HOM, labeled G is markedly higher than the solid bar 
labeled L for all creatinine criteria. The p values are as follows: 
criteria | = .068, Il = .002, Ill = .005, IV < .001, V < .001). In 
the LOM group, the increase in contrast-induced nephropathy 
in elevated CrPre patients compared with the normal CrPre 


Key to Abbreviations Used in Figures 
Criteria Definitions | 
| increase in creatinine level >0.3 mg/d! and 


>20% on day 1, or 2, or 3 and on day 5, or 
6, or 7 


ll increase in creatinine level >0.3 mg/dl and 
>20% on day 1, or 2, or 3 


lll increase in creatinine level >0.3 mg/dl and 
>20% on day 1 or 2 


IV increase in creatinine level =2.0 mg% on 
day 1 or 2 


V increase in creatinine level 21.0 mg% on 
day 1 


VI increase in blood urea nitrogen (BUN) level 
220 mg% or 250% on day 1 


Abbreviations 


G all patients in the category with CrPre >1.5 


mg/dl 
L all patients in the category with CrPre <1.5 
mg/dl 
BUN 
CrPre creatinine level preangiography 
HOM _high-osmolality media 
LOM _ lower-osmolality media 
np/tn number of patients who meet criteria/total 
number of patients in this group 
RACARD _ radiocontrast-associated renal dysfunction 
Note 


| 
| 
| 
| 
| 
A ali patients in the category 
| 
| 
: 
| 
| 


| 


p values calculated by using Fisher's exact probability 
__ test (2-tailed) | 
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TABLE 1: Comparison of Patients Receiving Lower-Osmolality Contrast Media (LOM) with 
Those Receiving High-Osmoiality Contrast Media (HOM) 


i a E 


p Value 
mail HOM (LOM vs HOM) 





No. of patients 160 143 
Men (%) 84 (53) 84 (59) 
Women (%) 76 (48) 59 = (41) 
Age (years) 
Median 69 73 
Mean 67.2 71.8 
SD 14.4 10.6 
Percentage diabetic 49.7 50.6 865° 
Volume of contrast bolus (ml) 77.9 80.9 601° 
Blood urea nitrogen/creatinine (BUN/Cr) 16.6 16.4 705° 
Creatinine level preangiography 
Mean (mg/dl) 1.3 1.4 435° 
Percentage of patients >1.5 mg/dl 22.6 25.9 
S12 
Percentage of patients <1.5 mg/dl 77.4 74.1 
Type of femoral angiogram 
Translumbar arteriogram (%) 14 (9) 10 (7) 
Bilateral femoral {%) 52 (33) 45 (32) 
Unilateral femoral (°) 77 (48) 56 (39) 
Angioplasty (%) 15 (9) 29 (20) 
Surgery performed by day 5 (%) 86 (54) 58 (41) 
Patients with data for creatinine (%) 
On day 1 133 (83) 128 (90) 
On days 1 or 2 147 (92) 140 = (98) 
On days 1, 2, or3 153 (96) 143 (100) 
On days 5, 6, or 7 102 (64) 41 (29) 
* Chi-square. 


° Two-sample t test. 
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patients is small and not statistically significant. Similar results than did HOM patients with a normal CrPre (50% vs 15%, p 
were obtained with the analysis of variance model. Specifi- < .05); CrPre did not significantly influence the percentage of 
cally, patients with elevated CrPre who received HOM had a increase in creatinine among patients receiving LOM (12% vs 


significantly larger percentage of increase in creatinine level 9%). 
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In diabetic patients (Fig. 2), although LOM is seen to have 
a lower incidence of contrast-induced nephropathy compared 
with HOM in patients with elevated CrPre (>1.5 mg/dl) by all 
Criteria, statistical significance is not demonstrated. In dia- 
betics with normal CrPre (<1.5 mg/dl), no statistically signifi- 
cant difference between HOM and LOM is shown. When both 
CrPre groups are combined, a decreased incidence of con- 
trast-induced nephropathy with LOM is seen by all criteria but 
is statistically significant only with criterion I. 

Diabetics with an elevated CrPre who receive HOM are at 
increased risk for contrast-induced nephropathy compared 
with those with a normal CrPre for all creatinine criteria (Fig. 
2: the p values are as follows: criteria | = .263, Il = .010, Ill 
= 030, IV = .002, V = .008). Comparison of diabetics 
receiving LOM, with elevated CrPre, to those with a normal 
CrPre, reveals only a small, not statistically significant, in- 
crease in contrast-induced nephropathy. 

In nondiabetic patients, a decreased nephrotoxicity of LOM 
compared with HOM is demonstrated for elevated CrPre, 
normal CrPre, and the combined CrPre group; statistical 
significance is obtained for CrPre group A using criteria |, Il, 
and {ll and CrPre group L using criteria I| and IH (Fig. 3). 
Nondiabetic patients with an elevated CrPre who receive 
HOM are at considerably increased percentage of risk for 
contrast-induced nephropathy compared with nondiabetics 
with a normal CrPre for all creatinine criteria (Fig. 3: the p 
values are as follows: criteria | = .128, |I = .096, Ill = .096, 
IV = .217, V = .048). In patients receiving LOM, there is only 
a small, insignificant increase in the incidence of RACARD 
when comparing nondiabetics with an elevated CrPre to those 
with a normal CrPre. 

There is no consistent demonstrable difference in the inci- 
dence of contrast-induced nephropathy between ioxaglate 
and iohexol in any group of patients (Fig. 4). 
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Fig. 2.._A comparison of incidence 
of RACARD in diabetic patients receiv- 
ing LOM vs incidence in diabetic pa- 
tients receiving HOM. As in Fig. 1, six 
different criteria are used and CrPre 
comparisons are made for each of the 
CrPre groups. Marked decrease in in- 
cidence of RACARD in LOM group is 
shown: in CrPre group G by most cri- 
teria and in CrPre group L only by cri- 
terion I. 
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Discussion 


The clinical advantages of LOM vs HOM proposed in the 
literature [15-23] create an ethical dilemma, that is, whether 
we are obligated to use this more expensive class of agent, 
and, if so, in which patients [13, 24, 25]. Of particular impor- 
tance in peripheral angiography is the markedly decreased 
pain produced by LOM, which has been observed by us and 
by others [22, 23]. 

Experiments in dogs have shown LOM are significantly less 
nephrotoxic than HOM are [2, 4]. One study that used sen- 
sitive enzyme markers to measure nephrotoxicity in humans 
found less renal injury caused by iohexol than by meglumine 
metrizoate [9]. However, another study revealed no signifi- 
cant difference in renal injury comparing iopamidol, meglumine 
iothalamate, and meglumine diatrizoate [26]. Measuring 
changes in serum creatinine level, no difference in nephrotoxic 
effects between LOM and HOM used for angiography has 
been shown by several investigators [5-8]. However, these 
groups monitored the serum levels of creatinine for up to only 
24 hr (with the exception of 20 patients followed up for 48 hr) 
after angiography. In a recent large prospective series [4], no 
relationship existed between dose of contrast medium and 
changes in levels of serum creatinine or BUN for either iopam- 
idol or meglumine diatrizoate. Another recent large prospec- 
tive series [11] showed a lower but not statistically significant 
difference in the incidence of nephrotoxic effects produced 
by LOM vs HOM; the protective effect of vigorous IV hydration 
may have decreased the incidence of nephrotoxic effects in 
both groups, thereby diminishing the difference between LOM 
and HOM. 

We believe that our retrospective HOM and prospective 
LOM groups are comparable. The referring vascular sur- 
geons, staff angiographers, indications for arteriography, de- 


AJR:157, July 1991 


of RACARD is clear using criteria [-IIl. 


Fig. 3.—A comparison of incidence 50 
of RACARD in nondiabetic patients re- : 
ceiving LOM vs incidence in nondi- 45 - 
abetic patients receiving HOM. Marked i 
benefit of LOM in decreasing incidence 40 ` 
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Fig. 4.~-Two different lower-osmo- 
lality contrast media are compared: iox- 
aglate (Hexabrix}) and iohexol (Omni- 
paque). No consistent difference be- 
tween these two agents is shown. 
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mographic characteristics, and angiographic techniques were 
the same. Availability of creatinine data (Table 1) was similar 
in both LOM and HOM groups for days 1-3. Creatinine data 
were available for more patients in the LOM group on days 
5-7, but this only affects the number of patients evaluated 
by criterion |, with fewer patients able to be evaluated in the 
HOM group. The state of hydration before angiography was 
similar in both groups (Table 1). The surgical housestaff who 
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cared for these patients were unaware of our study, so that 
no alterations in care occurred before or after angiography 
for the LOM group. Although we were not able to obtain 
reliable data on administration of nephrotoxic antibiotics, the 
number of patients receiving aminoglycosides on the vascular 
surgery service is small, and there is no reason to believe 
there should be a significant difference in this regard between 
these two sizeable groups of patients. Although patients in 
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the HOM group underwent angioplasty at a somewhat higher 
rate, no significant difference was seen between the two 
groups in the average amount of contrast medium adminis- 
tered (Table 1). Furthermore, the amount of contrast medium 
administered may have only a minimal effect on contrast- 
induced nephropathy [4, 14]. Thus, it is likely that the ob- 
served differential effect on renal function of HOM vs LOM is 
a result of the type of contrast agent rather than a function 
of differences in selection of patients or angiographic tech- 
nique. 

The effect of choosing various criteria on the incidence of 
contrast-induced nephropathy may be dramatic, causing lack 
of sensitivity and poor discrimination between groups. For 
example, the marked diminution in the incidence of contrast- 
induced nephropathy in the LOM group (vs the HOM group) 
is demonstrated for all CrPre groups using criterion |, and for 
CrPre groups A and G using criteria Il and Ill (Fig. 1). However, 
if the group of patients with normal CrPre (L) is evaluated 
with the more restrictive criteria IV or V, the results show that 
contrast-induced nephropathy did not develop in any patient 
from either contrast group (LOM or HOM); therefore, no 
difference between these groups can possibly be discerned. 
The lack of discrimination between the two contrast groups 
using the BUN criterion as the definition of RACARD (criterion 
Vi) may be due to the dependence of BUN on extrarenal 
factors. The impact of using differing definitions for RACARD 
on the detected incidence of contrast-induced nephropathy is 
discussed in detail by Lautin et al. [14] and mentioned in an 
editorial by Talner [27]. 

Using multiple criteria for RACARD, we have demonstrated 
a considerable statistically significant decrease in the inci- 
dence of contrast-induced nephropathy in patients receiving 
LOM vs HOM (Fig. 1, groups A and G, criteria I-III; criteria IV 
and V showed the same trend). This finding was supported 
by using an analysis of variance model. The decreased risk 
with LOM vs HOM is not clearly shown when the CrPre is 
normal. Elevated CrPre as a risk factor for contrast-induced 
nephropathy has been discussed in the literature [28-36], 
and in Lautin et al. [14]; we found this to be true for HOM but 
not for LOM (Fig. 1 and the analysis of variance model). In 
diabetic patients, the incidence of contrast-induced nephrop- 
athy with LOM is less than with HOM but statistical signifi- 
cance is only shown by using criteria | for all CrPre levels (Fig. 
2, group A). In nondiabetic patients, a decrease in contrast- 
induced nephropathy is seen with LOM vs HOM in all CrPre 
groups (Fig. 3: groups A, L, G, by criteria |-Ill). For both 
diabetic and nondiabetic patients (Figs. 2 and 3), it is seen 
that elevated CrPre is a risk factor for contrast-induced 
nephropathy when HOM is used and only a minimal risk factor 
when LOM is used. 

LOM are associated with a lower incidence of postcontrast 
acute decrease in renal function compared with HOM; this 
difference is considerable in some groups. The choice be- 
tween the two LOM, iohexol and sodium/meglumine ioxa- 
glate, should not be influenced by the possibility of contrast- 
induced nephropathy. The effect of LOM in reducing—but 
not eliminating—the possibility of contrast-induced nephrop- 
athy is clearer in high-risk patients (those with elevated CrPre). 
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Therefore, the use of LOM in these patients seems justified 
by our results despite its increased cost. The use of LOM in 
all patients, including those who have no known risk factors 
for contrast-induced nephropathy, is less clear. 
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Commentary 





The Evaluation of Contrast-Related Renal Failure 


Michael A. Bettmann’ 


One of the most widely acknowledged adverse effects of 
administration of contrast agents is renal failure. Unlike life- 
threatening anaphylactoid reactions, which have multiple 
causes and target organs, contrast-induced renal failure on 
the face of it appears relatively straightforward. It is widely 
accepted that contrast administration may induce renal failure 
in patients without or worsen it in patients with preexistent 
azotemia. Many risk factors for renal failure have been pro- 
posed, and numerous clinical and experimental studies have 
addressed this topic, including two papers in this issue of the 
AJR. Despite this interest, however, many unanswered ques- 
tions exist surrounding contrast-induced renal failure. These 
relate to four major areas: the definition and incidence of 
contrast-related renal failure, the role of risk factors or co- 
morbid events, the cause of acute renal failure, and, finally, 
the design of studies intended to study this topic. There is 
currently much interest in all of these because of the debate 
concerning the use of high-vs low-osmolality contrast agents. 

Clinical studies of contrast-related renal failure have shown 
wide variations in the prevalence of this process [1-8]. This 
in part relates to the various definitions used for what consti- 
tutes renal failure. It also relates to the difficulty of accurately 
establishing both a baseline and alterations in renal function. 
In theory, an optimal approach would involve serial measure- 
ments of creatinine clearance, beginning with a steady-state 
baseline level before contrast administration and reliable con- 
tinual evaluations for at least 48 hr after the contrast agent 
has been given. In fact, this kind of approach is very difficult. 
Alternatively, sequential measurements of serum creatinine 
levels may reasonably reflect alterations in renal function, as 
long as a stable baseline level is established first, multiple 
values are obtained subsequent to the incident event, and 
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This article is a commentary on the preceding articles by E. M. Lautin. 


changes are carefully interpreted. As has been noted [3], 
isolated measurements of serum creatinine levels may change 
substantially because of spontaneous or laboratory variation. 
Additionally, alterations in serum creatinine levels are thought 
to be logarithmically related to alterations in glomerular filtra- 
tion rate [9]. That is, a rise in the serum creatinine level from 
0.7 mg/dl (50 pmol/l) to 1.4 mg/d! (110 ywmol/l) probably 
reflects a drop of 50% in the glomerular filtration rate, but 
would lead to little clinical concern. A rise from 1.5 mg/di (110 
molji) to 3.0 mg/dl (220 umol/!) would similarly indicate a 
halving of the glomerular filtration rate and would raise great 
concern. Both should be reconfirmed and considered care- 
fully. If serum creatinine level is used as an indicator, the 
results are dependent, first, on laboratory reliability and repro- 
ducibility and, second, on when, how often, and at what 
intervals measurements are obtained. Alternative methods of 
measuring renal function have been suggested, including 
measurement of clearance of contrast media [10, 11]. These 
are attractive because of their simplicity and evident accuracy, 
but further clinical confirmation is necessary before they can 
be reliably used in clinical investigations. 

in attempting to define the prevalence of contrast-related 
renal failure, then, it is not surprising that no single reliable 
number exists. This follows from the lack of a single reliable 
definition and method of investigation. Similarly, any answers 
arrived at will vary with the risk factors present. That is, there 
are many known causes of chronic and acute renal failure, 
including diabetes mellitus, long-standing hypertension, pro- 
nounced hypotension, and various medications. In many of 
the patients who are receiving contrast media, other possible 
causes of renal failure are also present. To isolate the effect 
of contrast agents, then, becomes a difficult logistic problem 
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and a complex statistical one. This may account for the fairly 
wide variation in the literature regarding the relative impor- 
tance of specific risk factors [1-5, 11, 12]. For example, 
diabetes is frequently cited as a risk factor for contrast-related 
renal failure. Lautin et al. [1] conclude that diabetes is a risk 
factor but, on examination of their data, most categories and 
definitions do not statistically confirm this. Similarly, some 
Studies suggest that dehydration, or more precisely, intravas- 
cular volume depletion, is a major risk factor [3]. Using a less 
rigorous definition, perhaps in part mandated by the retro- 
spective nature of the study, Lautin et al. [1] did not find this 
to be true. Although the focus of studies in the radiology 
literature has been on contrast agents per se, conflicting 
results suggest that they may not be an independent risk 
factor [3-5]. The lack of definition of the importance of 
comorbid events with contrast administration suggests not 
only that no clear answer currently exists, but also that the 
role of risk factors is complex. The additive effect of any 
single factor may well be quite small [3]. This must be kept 
in mind in attempting to define, or even find, differences 
between high- and low-osmolality contrast agents. 

Determining the cause of contrast-related renal failure pre- 
sents additional problems. The major question that must be 
addressed is, is there a single cause? It is obvious that the 
kidney is a complex organ, and that it may fail because of 
pathologic processes in various areas. That is, there is no 
single type of renal failure [13]. Investigations have shown 
that contrast agents have various effects on the kidney. The 
hemodynamic effects are well delineated [14, 15]. They con- 
sist of an initial brief rise in renal blood flow followed by a 
prolonged fall with a gradual return to baseline. Histologically, 
an effect described as “osmotic nephrosis” also has been 
described [16], with vacuolization in the glomerular tubules. 
The pathologic importance of this finding is unclear. Addi- 
tionally, proteinuria has been described after contrast admin- 
istration in both humans and animal models and attempts 
have been made to assess contrast effects by analyzing for 
proteins from specific locations [17, 18]. To date, no single 
clear explanation for contrast-related renal failure has 
emerged, almost certainly because there is no single cause 
[13]. The effect of administering contrast agents is likely to 
be additive to underlying renal damage, whether the latter is 
clinically evident or not. Because of the relative inaccuracy of 
isolated measurements of serum creatinine level, due to lab- 
oratory variability, fluctuating baseline, and alterations with 
age, it is unlikely that definitive answers about nephrotoxic 
effects of contrast material in normal subjects can be found 
without accurate, continual measurements of either glomer- 
ular filtration rate or multiple parameters of renal function. The 
complex interaction between contrast agents, underlying 
renal damage at various sites and of varying severity, and the 
presence of other putative risk factors, such as congestive 
heart failure, intercurrent surgery, or aminoglycosides, helps 
to explain why it is difficult to elucidate the effects of contrast 
agents in any patients. 

Added to this complex picture is the ongoing debate con- 
cerning the relative effects of high- vs low-osmolality contrast 
agents. Animal data unequivocally show that low-osmolality 
contrast agents have fewer effects on the kidney in an ex- 
perimental setting than do high-osmolality contrast agents 
{17, 18]. Clinically, however, no substantial randomized trials 
have been able to show a difference [4, 5, 8, 12, 19]. it must 
be kept in mind that the studies published to date have not 


focused on high-risk patients, such as those with underlying 
renal failure. Conversely, it is also important to recognize that 
these studies have for the most part been sponsored by 
companies that, quite appropriately, have a vested interest in 
the outcome. The lack of a clear clinical difference between 
these two classes of agents raises several interesting possi- 
bilities. First, it is possible that the effect of contrast agents 
in causing renal failure is so dependent on other factors, 
including underlying renal function and specific site of renal 
disease, that the studies to date have simply not been sen- 
sitive enough to the various risk factors to show a clinical 
difference that is actually present. On the other hand, the 
results of experimental studies notwithstanding, a clinical 
difference between high- and low-osmolality contrast agents 
may not exist with regard to renal failure. Finally, a real 
difference may exist, as suggested by the experimental stud- 
ies and by nonsignificant trends in the clinical studies. This 
may be so minor, however, that the clinical relevance or 
importance of this difference is minimal or nil. Given the effort 
that has been expended in trying to show a difference, and 
the lack of a demonstrable difference in effect to date, this 
latter explanation, if not increasingly likely, is at least increas- 
ingly possible. 

The papers by Lautin et al. [1, 2] conclude that the risk of 
contrast-related renal failure is absolutely increased in pa- 
tients with underlying renal dysfunction, that this risk is in- 
creased in diabetics, that these differences cannot be ex- 
plained by age or hydration, and that a significant difference 
exists between high- and low-osmolality contrast agents, 
favoring the latter, both overall and in certain groups of 
patients undergoing arteriography. These conclusions disa- 
gree with those of several published studies [3-6], although 
they agree with others. As noted, these disparities can prob- 
ably be explained in part by the complex nature of renal 
disease and the interaction of various risk factors or comorbid 
events. The disparities also, however, raise questions con- 
cerning the determinants and parameters of a well-designed, 
valid clinical investigation [20-22]. The classic investigation is 
a prospective randomized double blind trial, for reasons that 
are largely obvious. Such trials are designed to eliminate both 
observer and selection bias. Additionally, unknown factors 
that may affect the outcome can be assumed to be balanced 
equally between the groups, to the extent that any known 
biasing factors are considered in the study design. In design- 
ing a retrospective analysis, it is even more important, for the 
sake of accuracy and validity, to attempt to balance risk 
factors as closely as possible between the groups being 
compared. In the best case, this is accomplished by a case 
control analysis, in which precollected data are carefully ana- 
lyzed to match patients with to patients without a specific 
event or process, for multiple risk factors. Again, this type of 
analysis requires laborious, time-consuming data collection 
and evaluation. 

Additional types of clinical investigations can be under- 
taken, and to a large extent the usefulness and reliability of 
the results depend directly on the common sense used in the 
design of the trial and the analysis of the data. Perhaps one 
good example of this is the ISIS-H trial [23], which showed, 
as other studies have, that thrombolytic therapy decreased 
morbidity and mortality rates in acute myocardial infarctions. 
In examinations of patients with acute myocardial infarctions 
randomized to streptokinase, aspirin, both, or placebo, the 
mortality rate was reduced with all three treatments. In a 


subgroup analysis, designed to assess not only risk factors 
but also statistical validity, the investigators were able to 
demonstrate that patients with a birth sign of Gemini or Libra 
had an increased mortality rate when treated with aspirin than 
did patients born under other signs. This was taken to prove 
not a lack of benefits among those born under these two 
signs, but rather to indicate that statistical aberrations can 
occur even in very large studies. It is likely that had these 
investigators used different definitions, they could have 
proved to a Statistically significant level that various other 
factors were either important or unimportant. This is brought 
to mind by the various definitions used throughout the litera- 
ture for contrast-related renal failure, and particularly by the 
various definitions used in the articles by Lautin et al. [1, 2]. 
It may be valid to use various definitions, but only if they are 
used consistently throughout and only if they can be validated 
in a well-defined group. It is also important to remember that 
statistics are not generally considered a democratic discipline. 
The generally accepted definition of a statistically significant 
comparison is one that is likely to occur purely by chance five 
or fewer times out of 100. If this definition is not used, 
appropriate reasons must be given. It follows that a trend, 
that is, a difference that has a probability value of greater 
than .05, is accepted as a trend, not as supportive of a true 
difference. One of the difficulties with the Lautin et al. papers 
is that one definition is not used throughout. Rather, defini- 
tions that achieve statistical significance are used to draw a 
conclusion, and those that do not are either used to suggest 
a supportive trend or are ignored. For example, whereas 
diabetes per se is a statistically significant risk factor by two 
of five criteria, diabetes among nonazotemics and among 
azotemics are each significant by only one of five criteria, a 
different one for each. 

Similarly, the authors conclude that age is not a risk factor, 
but examination of their data suggests that patients under 70 
are at increased risk of an early increase in serum creatinine 
levels. Along the same lines, questions must be raised about 
the validity of using age as a binary variable, rather than a 
continuous one. The same holds true for the use of an 
arbitrary definition of azotemia as a serum creatinine level 
greater than 1.5 mg/dl (110 ymol/l). Regarding risk factors, 
the effect of intercurrent surgery and nephrotoxic medications 
must be carefully assessed, not assumed to be equivalent or 
unimportant. 

The papers by Lautin et al. represent extensive and intelli- 
gent work. These comments are by no means intended to 
denigrate the work, but rather to highlight the complexity of 
the topic. Because of this complexity, as many factors as are 
feasible must be taken into account, and consistent quanti- 
tative methods must be used throughout. Some of the points 
raised may help to explain differences between the papers 
presented in this issue and other published studies [4, 5, 8, 
13]. 

Contrast-related renal failure remains a perplexing and in- 
completely defined problem. Neither its incidence, cause, or 
prognosis is yet well understood. Risk factors clearly exist— 
the primary factor is probably underlying renal failure—but 
the importance of these risk factors almost certainly varies 
with the type and severity of underlying disease. It is likely 
that a small difference exists between high- and low-osmoial- 
ity contrast media in regard to nephrotoxicity in clinical situa- 
tions. it is unlikely, however, that this difference is marked or 


that it is important in all patients. To understand contrast- 
related renal failure better, carefully designed studies that use 
validated and accurate definitions, carefully matched patient 
groups, and carefully applied, consistent statistical techniques 
are necessary. 
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Ureteral Pseudodiverticula: 
Frequent Association with Uroepithelial 
Malignancy 





Ureteral pseudodiverticula are tiny outpouchings usually seen as incidental findings 
on retrograde urography during routine work-up for common urinary tract disorders. We 
report 37 patients with ureteral pseudodiverticula, of whom 17 (46%) had associated 
uroepithelial malignancy. Ureteral pseudodiverticula were diagnosed in all patients on 
excretory or retrograde urography as an incidental finding during evaluation for a variety 
of urologic symptoms and signs. All patients were assessed with urinalysis, urine culture, 
cystoscopy, and when indicated, ureteroscopy. Diagnosis of transitional cell carcinoma 
was made by surgery or endoscopic biopsy in 16 patients and squamous cel! carcinoma 
in one. In nine patients with radiographs showing ureteral pseudodiverticula and a 
urinary tract filling defect (usually in the bladder), 78% of the cases were proved 
malignant. In six patients with ureteral pseudodiverticula and a stricture in the ureter or 
renal collecting system, 67% of the cases were proved malignant. Of the patients with 
tumor, 53% had a single ureteral pseudodiverticulum. In two cases, the pseudodivertic- 
ula antedated the diagnosis of malignancy by 2 and 4 years, respectively. 

Our experience suggests that the association between ureteral pseudodiverticula and 
uroepithelial malignancy may be more common than previously assumed, approaching 
50%. Even a single ureteral pseudodiverticulum should be regarded as a serious marker 
for potential malignancy, antedating cancer by 2-10 years, and such patients should be 
closely followed up. The coexistence of ureteral pseudodiverticula and a stricture or 
filling defect in the urinary tract is highly suggestive that a tumor is present. 
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Ureteral pseudodiverticula (UPD) are bilateral outpouchings of the ureter less 
than 5 mm in diameter often identified as incidental findings on retrograde urography 
and occasionally on excretory urography. Fewer than 80 cases have been reported 
in the literature since the initial description of four cases in 1957, in which an 
association with chronic urinary tract infection was postulated [1]. Microscopic 
evidence of chronic inflammatory changes in the ureter was later well documented 
[2-4]. UPD are neither pulsion diverticula, as they do not penetrate the muscular 
wail of the ureter, nor are they true diverticula containing all layers of the ureteral 
wall [3, 4]. An association between UPD and uroepithelial neoplasm has been 
suggested [3-5]. 

in this report, we review 37 new cases of UPD and emphasize that the association 
with uroepithelial malignancy is more common than it is thought to be and that a 
single ureteral diverticulum occurs more frequently and is of greater significance 
than previously suspected. 


Materials and Methods 


This study included 37 patients (mean age, 69 years; range, 39-91 years) who were found 
to have UPD on excretory or retrograde urography while being evaluated for hematuria (21 
cases), urinary tract infections (six), flank pain (four), routine renal stone follow-up (two), 
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Fig. 1.—A and B, 73-year-old man with hematuria. Retrograde urograms obtained on same 
day show a single ureteral pseudodiverticulum (curved arrows) in association with squamous 
cell carcinoma of distal ureter (between short arrows). Transitional cell carcinoma of bladder 


developed later. 


azotemia (one), and follow-up for transitional carcinoma of the bladder 
(one), prostatic carcinoma (one), or benign prostatic hyperplasia (one). 
There were 36 men and one woman. Thirty-five were male veterans 
of American wars. Radiographs were analyzed by a radiologist for 
multiplicity and bilaterality of UPD and for stenotic foci and/or radio- 
lucent filling defects in the renal collecting system, ureter, or bladder 
that were suggestive of malignancy. Urine cytology was done in all 
patients, along with routine urinalysis and culture. All patients had 
cystoscopic examination, and those with abnormalities in the renal 
collecting system or ureter had those areas examined endoscopically. 
Biopsy was performed when indicated. Diagnosis of malignancy was 
made on the basis of histologic examination of samples obtained 
either by endoscopic biopsy or surgery. Patients with malignancy in 
the renal collecting system underwent nephroureterectomy. Those 
with ureteral tumor had segmental resections, and patients with 
cancer of the bladder were either treated locally or by radical cystec- 
tomy and diversion. 


Results 


Twenty uroepithelial malignant tumors were seen in 17 
(46%) of 37 consecutive patients with UPD. Nineteen were 
transitional cell carcinoma and one was squamous cell carci- 
noma. Thirteen tumors (65%) involved the bladder, five (25%) 
involved the calices or renal pelvis, and two were ureteral 
(10%). One of the ureteral tumors was squamous cell carci- 
noma (Fig. 1). Three patients (18%) had metachronous tu- 
mors. One had a bladder tumor followed by renal pelvic tumor, 
and two patients had ureteral tumors (one transitional cell 
and one squamous cell) followed by transitional tumor of the 
bladder and renal pelvis, respectively. Excretory urograms 
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Fig. 2.—74-year-old man with hematuria. Retro- 
grade urogram shows ureteral pseudodiverticula 
(white arrows) and associated filling defect in left 
upper calix (black arrow). Histologic examination of 
surgical specimen showed filling defect was transi- 
tional cell carcinoma. 


were not available in all patients with UPD, but the outpouch- 
ings were diagnosed in all cases with retrograde pyeloureter- 
ography. Wasserman et al. [6] previously reported detecting 
UPD in more than 50% of cases by using excretory urography. 

One patient had synchronous carcinoma of the renal pelvis 
and bladder. One had carcinoma of the ureter followed 1 year 
later by carcinoma of the ipsilateral renal pelvis. Another had 
squamous cell carcinoma of the ureter followed 8 months 
later by transitional carcinoma of the bladder. An additional 
patient without uroepithelial malignancy was found to have 
renal cell carcinoma. UPD were synchronous with presenta- 
tion of uroepithelial malignancy in 10 (59%) of 17 cases, but 
in four cases (23%) the temporal relationship was unknown. 
The UPD antedated by 2 and 3 years, respectively, the 
appearance of malignancy in two patients (12%). One patient 
continues to have positive cytologic findings in the absence 
of proved tumor or infection. Findings on urine cytology in the 
other 20 patients remain negative. 

The association of UPD with a radiolucent filling defect in 
the urinary tract on urography (Figs. 2 and 3) was seen in 
nine subjects; the defect was proved to be tumor in seven 
(78%) of the nine. In patients with tumor, filling defects were 
equally divided between the renal collecting system (calices 
and pelves) and bladder. The urographic association of UPD 
with a stricture (Fig. 4) was seen in six patients and occurred 
in the presence of tumor in four (67%): in the ureter in one, 
the renal pelvis in one, and the bladder in two. The other 
tumors were bladder transitional carcinoma that was not 
identifiable on urography but was proved on cystoscopic 
biopsy. Of the 17 patients with uroepithelial malignancy, nine 
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Fig. 3.—63-year-old man with hematuria. Ret- 
rograde urogram shows association of ureteral 
pseudodiverticula (white arrows) with multiple 
coarse irregular filling defects in right renal pel- 
vis (black arrows) causing obstructive caliec- 
tasis. Histologic examination of surgical speci- 
men showed filling defects were transitional cell 
carcinoma. 


are air bubbles. 


(53%) showed only a single unilateral ureteral pseudodivertic- 
ulum. However, the status of the contralateral ureter was 
unknown in two cases; thus, solitary unilateral ureteral pseu- 
dodiverticula may be associated with tumor in as few as 41%. 
In the 20 patients with ultimately proved benign disease in 
conjunction with UPD, an additional two patients with stric- 
tures and two with filling defects were seen. 

The ureters were included in the surgical resections of 
tumors of the renal collecting system or ureter in seven 
patients. Histologic examination of surgical specimens did not 
usually include a careful search for UPD, but in the one case 
(Fig. 1) in which the ureter was carefully sectioned in the area 
of UPD, microscopic ureteritis glandularis and ureteritis cys- 
tica were noted without adjacent tumor. 


Discussion 


Multiple small diverticula of the ureters were first described 
in 1957 by Holly and Sumcad [1], who postulated that they 
were caused by chronic urinary tract infection. They were the 
first to apply the term pseudodiverticula to these lesions, 
although they had no direct pathologic evidence of such 
changes in the ureter. Cochran et al. [3] were the first to 
show the pathologic changes in ureters of five patients with 
these tiny diverticula, showing them to be outpouchings of 
proliferated hyperplastic transitional epithelium into the loose 
subepithelial connective tissue with associated chronic inflam- 
matory changes. They noted that the diverticula neither pro- 
truded through the muscularis propria nor included all layers 


URETERAL PSEUDODIVERTICULA 71 





Fig. 4.—7 1-year-old man with chronic urinary tract infection. 
A, Left retrograde urogram shows ureteral pseudodiverticula (arrows). Upper ureteral filling defects 


B, Right retrograde urogram shows ureteral strictures (arrows), which were found on histologic 
examination to be transitional cell carcinoma. 


of the ureteral wall. Wasserman et al. [4] described the 
pathologic changes in a postmortem study of 200 ureters in 
subjects without history of urinary tract disorders and found 
an incidental occurrence rate of 11% for UPD. The findings 
were described as epithelial hyperplasia with proliferation into 
the subepithelial connective tissue forming epithelial crypts 
leading to outpouchings characteristic of UPD. In these cases, 
the UPD were invariably associated with microscopic ureteritis 
cystica and glandularis, but no ureteral evidence of uroepithe- 
lial malignancy, cellular atypia, or metaplasia was seen [4]. 
The relationship between chronic proliferative epithelial 
changes in the urinary tract and primary tumor is well estab- 
lished and has been reproduced experimentally [7]. The as- 
sociation of uroepithelial malignancy with UPD has been re- 
ported to be 26% in the largest series [6]. Cochran et al. [3] 
reported transitional cell carcinoma in seven of their 10 pa- 
tients, but they cautioned that this may reflect a sampling 
bias. A recent small series demonstrated pathologic or clinical 
evidence of tumor in three of six patients [5]. The cumulative 
reported world experience has shown an approximate 25% 
association [6]. The occurrence of uroepithelial malignancy in 
46% of patients with UPD in this series is much higher than 
the cumulative reported world experience has suggested. 
This may reflect our own sampling bias (male veterans), with 
a high degree of alcohol and tobacco abuse or exposure to 
some other unidentified toxin. Notwithstanding, until more 
data accumulate from other population samples, a strong 
suspicion for coexisting uroepithelial malignancy must be 
exercised when even a single unilateral UPD is identified. 
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This series adds two additional cases to the literature that 
show the development of tumor 2 and 3 years after the 
documentation of UPD. To our knowledge, only one similar 
case was previously reported, in which the latency period 
between identification of UPD and development of tumor was 
10 years [8]. Messing et al. [9] also hypothesize that “there 
is a long pre-clinical phase of urological cancers.” These cases 
are important because they support the theory that chronic 
proliferative epithelial changes in the urinary tract may some- 
times be premalignant and that UPD represent a clinical 
marker for epithelium that is predisposed to malignant trans- 
formation. 

With this in mind, it seems prudent to monitor carefully any 
patient with known UPD even in the absence of urinary tract 
malignancy on baseline examination. Periodic urinalysis alone 
for microscopic hematuria has been disappointing as a 
screening tool in normal populations because of the intermit- 
tency of bleeding from uroepithelial tumors [10]. However, 
repetitive home screening with a recently developed hema- 
turia dipstick may prove more effective because of its sensi- 
tivity, convenience, and cost-effectiveness [9, 10]. We rec- 
ommend semiannual urine cytology in addition to urinalysis 
even though the value of urine cytology in the follow-up of 
UPD has yet to be proved [6]. The results of this study 
combined with a previous series [6] suggest that more than 
70% of the tumors will be found in the bladder. Accordingly, 
we recommend annual cystoscopy. Evaluation of the upper 
urinary tract and ureters may be reserved for patients with 
positive symptoms or signs suggesting malignancy. 


Conclusions 


The association of UPD with uroepithelial malignancy is 
higher than previously thought, perhaps approaching 50%. 
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The presence of UPD in patients with radiolucent filling defects 
or urinary tract strictures indicates malignancy in up to 71%. 
UPD represent a clinical marker for the future development of 
uroepithelial carcinoma, antedating cancer by 2-10 years. 
Although the malignant lesion is usually transitional cell car- 
cinoma in the bladder, the first case of UPD associated with 
squamous cell carcinoma is reported. No correlation was 
found between the number of UPD and the likelihood of 
associated malignancy. Thus, a single well-documented ure- 
teral pseudodiverticulum must be taken as a serious sign of 
potential synchronous or metachronous malignancy. 
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Sonography of the Cervix During 
the Third Trimester of Pregnancy: 
Value of the Transperineal Approach 





Transabdominal sonography reliably depicts the cervix during the first and second 
trimesters of pregnancy, but cervical visualization becomes increasingly difficult as the 
third trimester progresses. To evaluate the possibility of using a perineal approach to 
bypass the fetus and image the cervix during the third trimester, we used transperineal 
sonography to image the cervix of 158 third-trimester patients in whom transabdominal 
visualization was inadequate. The internal os and upper cervix were successfully 
visualized on transperineal sonograms in all 158 patients, but the region of the external 
os was obscured by rectal gas in 22 (14%) cases. In some patients in whom the external 
portion of the cervix was obscured by bowel gas, the problem could be overcome by 
scanning with the patient in the lateral decubitus position or by rotating the patient. 

Transperineal sonography is an effective technique for imaging the cervix during the 
third trimester of pregnancy, allowing cervical visualization in most patients in whom 
transabdominal sonography of this area is unsuccessful. 
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Visualization of the maternal cervix is an important component of the obstetric 
sonographic examination, aiding in the detection and management of placenta 
previa, preterm labor, and cervical incompetence [1-9]. Transabdominal sonogra- 
phy reliably depicts the cervix in most patients during the first and second 
trimesters, but cervical visualization becomes increasingly difficult as the third 
trimester progresses, predominantly because of attenuation of sound by the 
presenting part of the fetus [10, 11]. A variety of techniques, including external 
fetal manipulation, overdistension of the maternal urinary bladder, and Trendelen- 
burg positioning, have been used to elevate the presenting part of the fetus from 
the pelvis and facilitate visualization of the cervix [1, 10-12]. However, such 
maneuvers can be uncomfortable for the patient, distort the appearance of the 
cervix, and are frequently unsuccessful late in the third trimester [2, 10]. Given the 
problems inherent in evaluating the third-trimester cervix by transabdominal sonog- 
raphy, we undertook this study to evaluate the feasibility of using a transperineal 
approach for imaging the cervix. 


Subjects and Methods 


Between November 1989 and April 1990, we prospectively evaluated the use of transper- 
ineal sonography to visualize the cervix of 158 third-trimester patients in whom transabdominal 
attempts to image the cervix were unsuccessful. Transabdominal sonography was performed 
with a 3.5-MHz, electronically focused, phased-array sector transducer (Acuson 128, Moun- 
tain View, CA), with the patient's bladder empty. Graded pressure was applied to the maternal 
pelvis with the transducer in an attempt to elevate the presenting part of the fetus away from 
the cervix before transabdominal visualization of the cervix was considered unsuccessful. 

After completion of the transabdominal portion of the examination, a protective covering 
(Hefty Baggie, Mobile Chemical Co., Pittsford, NY) was applied to the transducer head, 
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Fig. 1.—Schematic diagram of perineum shows location of transducer 
(T) during transperineal sonography. Transducer is applied directly over 
labia minora (LMi) in a sagittal plane just posterior to urethra (U). Trans- 
ducer location and angle are adjusted under sonographic control to opti- 
mize visualization of cervix. A = anterior, LMa = labia majora, V = vaginal 
orifice, R = rectal orifice, P = posterior. 


secured with a rubber band, and covered with sterile sonographic gel 
or KY Jelly (Johnson & Johnson, New Brunswick, NJ). Scans were 
performed by sonographers, sonologists, sonographic fellows, and 
senior radiology residents who received instruction on performing the 
technique and observed transperineal studies performed by others 
before attempting transperineal sonography. A female chaperone was 
present in the room during all transperineal scanning done by men. 
The technique and indications for transperineal scanning were ex- 
plained to the patient, and examination was begun with the patient 
supine, with the thighs abducted sufficiently to allow placement and 
lateral angulation of the transducer. The transducer was positioned 
on the perineum in a sagittal orientation between the labia majora, 
usually applied directly over the labia minora, but occasionally placed 
between the labia minora (Fig. 1). The center of the transducer was 
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located posterior to the urethra and anterior to the vagina. Under 
sonographic guidance, mild pressure was applied to the perineum 
with the transducer, and the location and angle of the transducer 
were altered slightly in order to optimize visualization of the cervix. 
In most cases the transperineal component of the study was com- 
pleted in less than 5 min. Hard copy images of the cervix were 
obtained and reviewed to determine if cervical visualization was 
improved compared with the transabdominal study. Cervical visuali- 
zation was considered improved when a significant portion of the 
cervix, not seen transabdominally, was identified transperineally. 
Additionally, a record was kept of whether the entire length of the 
cervix was imaged by transperineal sonography and of any problems 
encountered with cervical visualization. 

After completing the initial series of 158 patients, we continued to 
incorporate transperineal views of the cervix in our routine obstetric 
sonographic study whenever transabdominal images were inade- 
quate. In 11 patients scanned after the initial series, transperineal 
images were attempted with the patients in both the right and left 
lateral decubitus positions because transperineal scans obtained with 
the patient supine were suboptimal owing to shadowing of the 
external portion of the cervix by rectal gas. We kept a record of 
whether these additional positions improved transperineal visualiza- 
tion of the cervix. 


Results 


Compared with transabdominal sonography, the transperi- 
neal approach resulted in improved visualization of the cervix 
in all 158 patients scanned. On transperineal sonograms, the 
cervix contained a central echogenic stripe, which was fre- 
quently surrounded by a hypoechoic region in the expected 
position of the endocervical canal, similar to the pattern seen 
by transabdominal scanning (Fig. 2) [10]. The entire length of 
the cervix was seen in 136 (86%) of the 158 patients scanned 
transperineally. In the remaining 22 patients, the internal os 
and upper portion of the cervix were successfully visualized, 
but the external os and caudal portion of the cervix were not 
seen because of shadowing from gas in the adjacent rectum 
(Fig. 3). 

Results in the 11 patients who underwent transperineal 
scanning in the right and left lateral decubitus positions be- 
cause the external portion of the cervix was not visualized on 
transperineal sonograms obtained with them supine were 


Fig. 2.—Transperineal sonogram of third- 
trimester cervix (black arrows) reveals endocer- 
vical canal (solid white arrows) in a horizontal 
plane, approximately perpendicular to ultra- 
sound beam. Region of canal is depicted as a 
central echogenic stripe surrounded by a hypo- 
echoic region, similar to pattern seen during 
transabdominal sonography. Vagina is oriented 
in a nearly vertical plane. BL = maternal urinary 
bladder, AF = amniotic fluid, R = rectal gas, H = 
fetal head, open arrows = vagina. 


Fig. 3.—Internal os (open arrow) and upper 
portion of cervix (solid arrows) are visualized by 
transperineal sonography, but shadowing from 
rectal gas (R) obscures area of external os. B = 
maternal urinary bladder, H = fetal head. 
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Fig. 4.—A, Transperineal sonogram with pa- 
tient supine fails to show external portion of 
cervix because of shadowing by rectal gas (R). 

B, Transperineal sonogram of same patient in 
left lateral decubitus position successfully re- 
veals entire cervix. Rotating patient into a de- 
cubitus position caused bowel gas to shift into a 
more favorable location, facilitating cervical 
visualization. 

B = maternal urinary bladder, H = fetal head, 
open arrow = internal os, curved arrow = exter- 
nal os, solid arrows = cervix. 


cervical visualization optimized by left lateral decubitus posi- 
tion in five patients, visualization optimized by right lateral 
decubitus position in two patients, and no improvement with 
decubitus views in three patients (Fig. 4A and 4B). In one 
additional case, the external portion of the cervix could not 
be seen during the initial attempt with the patient supine, and 
there was no improvement with right and left lateral decubitus 
views, but the entire cervix was successfully imaged after the 
patient was rotated back from the right lateral decubitus 
position to supine. 

One other problem encountered during initial scans of three 
of the patients imaged early in the study involved mistaking 
the urethra for the cervix and the urinary bladder for amniotic 
fluid. In all three cases, this difficulty was overcome by in- 
creasing the field of view, and with the increasing transperi- 
neal imaging experience gained as the study progressed, this 
interpretative error did not recur. 

All patients tolerated the transperineal scanning procedure 
well, without significant physical discomfort, and the proce- 
dure was uniformly accepted by our population of patients. 
We are not aware of any complications attributed to use of 
the transperineal technique. To date, formal follow-up docu- 
menting the absence of complications up to the time of 
delivery is available on 116 patients who delivered at our 
institution. 


Discussion 


The importance of attempting to visualize the cervix during 
obstetric sonography is well established [1-12]. Sonographic 
depiction of the cervix is of particular value in the diagnosis 
and management of placenta previa, preterm labor, and cer- 
vical incompetence, as well as in examining patients with 
ruptured membranes in whom repeated digital examinations 
may be undesirable because of the risk of infection. In the 
case of placenta previa, direct visualization of the cervix is 
necessary to establish the relationship between the lower 
edge of the placenta and the internal cervical os [1, 2, 10- 
12]. Similarly, sonographic changes may be the first indicators 
of impending cervical failure in patients with preterm labor or 
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cervical incompetence, because early changes occur at the 
level of the internal os, which is inaccessible by routine vaginal 
examination [4-6, 8]. 

Our study reveals that use of transperineal sonography 
dramatically increases the chances of cervical visualization 
during the third trimester. After instruction was given regard- 
ing the anatomic orientations displayed during transperineal 
sonography, the technique was readily learned by radiologists 
and technicians with various levels of sonographic expertise 
and added a minimum of time to the sonographic examination. 
The internal os and upper cervix were successfully shown by 
transperineal sonography in all 158 patients in whom trans- 
abdominal visualization was inadequate. Although the region 
of the external os was not imaged in 22 (14%) patients 
because of shadowing from adjacent rectal gas, we expect 
that in many patients visualization of the internal os and upper 
cervix will be sufficient to evaluate for placenta previa or 
cervical shortening. However, for those patients in whom 
demonstration of the entire length of the cervix is desirable 
because cervical shortening is suspected after initial views, 
scanning with the patient in the decubitus position or supine 
after being rotated can be used in an attempt to shift gas 
away from the external portion of the cervix. 

Because of the different transducer positions used during 
transabdominal and transperineal sonography, the cervix is 
displayed in different orientations with the two techniques. 
With transabdominal sonography, the long axis of the cervix 
is oriented in an approximately vertical plane, whereas with 
transperineal sonography, the vagina is depicted in a vertical 
plane with the cervix horizontal, its long axis approximately 
perpendicular to the ultrasound beam (Figs. 5A and 5B) [10]. 

Endovaginal sonography offers an alternative approach for 
visualizing the cervix and lower uterine segment when trans- 
abdominal views are inadequate [13-15]. The use of endo- 
vaginal sonography has been shown to improve the chances 
of cervical visualization, but this technique is not always 
successful in imaging the cervix and has the disadvantages 
of requiring a specialized transducer and vaginal penetration, 
neither of which are necessary to perform the transperineal 
technique. 
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A 


Fig. 5.—A, Sagittal illustration of gravid uterus in a supine patient with transducer positioned on perineum reveals typical scanning plane obtained 


during transperineal sonography. 


B, Before display, scanning plane depicted in A is rotated 90° counterclockwise. As a result, portion of image closest to transducer (open arrow) is 
displayed at top of image in traditional fashion. Long axis of cervix is displayed in an approximately horizontal orientation with vagina oriented in a vertical 


plane. U = urethra, R = rectum, B = bladder, V = vagina, C = cervix. 


Variations on the transperineal sonographic technique de- 
scribed here (use of stand-off pads, linear transducers, etc.) 
have been used to assess female stress urinary incontinence, 
vaginal atresia, and umbilical cord presentation and to image 
the gravid cervix, but to date the potential of using transper- 
ineal sonography in the pregnant patient has not received 
widespread recognition [16-22]. The current study demon- 
strates that transperineal sonography is a safe, simple to 
perform, effective method of imaging the cervix in the third 
trimester of pregnancy, and we now routinely incorporate 
transperineal views of the cervix in our obstetric sonographic 
studies when transabdominal visualization is inadequate. Fur- 
ther investigations are under way to assess the accuracy of 
transperineal sonography in specific clinical situations, such 
as the evaluation for placenta previa and cervical incompe- 
tence. 
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Organic vs Functional Obstruction 
of the Fallopian Tubes: 
Differentiation with Prostaglandin 
Antagonist- and @2-Agonist-Mediated 
Hysterosalpingography and Selective 
Ostial Salpingography 





In order to determine the prevalence and cause of functional vs organic obstruction 
of the fallopian tubes, hysterosalpingography was repeated after pharmacologic manip- 
ulation with a prostaglandin antagonist (aspirin) and/or a 62-agonist (terbutaline) in 100 
patients in whom the fallopian tubes did not fill with contrast medium on the initial 
hysterosalpingogram. Selective ostial salpingography was performed in those in whom 
the fallopian tubes did not fill on the second hysterosalpingogram. Patients referred 
from three infertility clinics were included in the study if they could be rescheduled for 
a second hysterosalpingogram after at least 1 week of preparation with aspirin. Hy- 
sterosalpingograms obtained after administration of aspirin showed normal filling in 21 
of 100 patients with initially obstructed tubes; the tubes filled in four more patients after 
administration of terbutaline. Selective ostial salpingography opacified the tubes in 
another 36 patients in whom the tubes had so far failed to fill. On the basis of the 
radiographic appearance and sometimes laparoscopic observation, initial nonfilling was 
attributed to spasm and debris in 49 patients, submucosal fibroids in six, synechiae in 
three, salpingitis isthmica nodosa in two, and septated uterus in one. 

Hysterosalpingography, after pharmacologic manipulation with aspirin and/or selec- 
tive ostial salpingography, revealed false-positive and functional tube obstructions in 
61 of 100 patients. Moreover, the radiologic appearance improved categorization of 
organic obstructions. 


AJR 157:77-80, July 1991 


Tubal occlusion (organic obstruction) is a common cause of female infertility that, 
depending on its location and underlying cause, calls for vastly different surgical 
procedures. In cases of functional obstruction of the fallopian tubes, surgical 
intervention is not necessary and contraindicated. The difference between organic 
obstruction (occlusion) and functional obstruction was emphasized as early as 
1954 [1]. However, nonfilling of the tubes during conventional hysterosalpingog- 
raphy has proved to be an unreliable criterion for differentiating these conditions. 
DeCherney [2] and Sulak et al. [3] found amorphous material in the lumen to be 
the cause of obstruction in the proximal tubes in as many as half of the patients in 
whom tubes did not opacify on hysterosalpingograms. Spasm was another cause 
of nonfilling. In order to plan effective therapy, organic and functional obstruction 
must be distinguished preoperatively. Moreover, contemplated surgical correction 
mandates categorization of the disease afflicting both the proximal and distal tubes. 
Although laparoscopy provides some information, opacification of diseased seg- 
ments of both proximal and distal tubes with contrast medium will greatly enhance 
understanding of underlying disease. 


Subjects and Methods 


The study group comprised 100 women 23-42 years old who were evaluated for infertility 
at three different infertility clinics. In all patients, the fallopian tubes had failed to fill with 
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contrast medium on hysterosalpingography. Each had an endocrine 
profile assaying estradiol, follicle-stimulating hormone, luteinizing hor- 
mone, prolactin, and dehydroepiandrosterone levels. The initial hys- 
terosalpingogram, showing obstruction of the tubes, was obtained 
during the follicular phase of the menstrual cycle. 

A second hysterosalpingogram was obtained after oral administra- 
tion of 325 mg of aspirin per day for at least 1 week and a prophylactic 
antibiotic, doxycycline hyclate (Warner Chilcott Laboratories, Morris 
Plains, NJ), 100 mg twice daily for 2 days. The latter was given in 
anticipation of selective ostial salpingography being performed im- 
mediately after the second hysterosalpingogram in patients with 
persistent nonfilling of the fallopian tubes. If selective salpingography 
was performed, the antibiotic was continued for another 3 days. 

In 20 patients in whom the fallopian tubes did not opacify on the 
second hysterosalpingogram, terbutaline (0.25 mg) was administered 
intramuscularly, and in another five of these patients, glucagon was 
given IV, and a third hysterosalpingogram was obtained at the same 
sitting. 

Routine hysterosalpingograms were obtained with a balloon cath- 
eter. The balloon was placed at the cephalic end of the endocervical 
canal and inflated to block leakage from the cervical canal into the 
vagina. Conray-60 (Mallinckrodt, St. Louis, MO), in variable amounts 
of 6-15 ml, was then infused. The phases of filling were recorded on 
both spot and 105-mm films. 

Customarily, patients were premedicated with 25 mg of meperidine 
(Winthrop, New York, NY) intramuscularly. Those patients who re- 
ported discomfort received an additional 25 ug of fentanyl (Elkins- 
Sinn, Cherry Hill, NJ) IV. 

For selective ostial salpingography, a 9-French Teflon sheath (Cook 
Urological, Spencer, IN) was introduced into the lower uterine seg- 
ment. A tenaculum was attached to the cervix for control and, if 
necessary, to rotate the uterus slightly. Thereafter, a curved 5.5- 
French torque-control polyethylene catheter and J guidewire (0.035- 
in. [0.89 mm]; Cook, Inc., Bloomington, IN) were advanced under 
fluoroscopic control into the uterine cornu. Seating of the 5.5-French 
catheter was further improved by advancing a 0.014-in. (0.36-mm) 
soft-nosed platinum-tipped guidewire (Target Therapeutics, Santa 
Monica, CA) 1 cm into the interstitial segment of the tube and then 
wedging the 5.5-French catheter into position. Once the 5.5-French 
catheter was seated, a selective salpingogram was obtained by 
injecting 1.5-2 ml of Conray-60 contrast medium. Radiographs were 
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Fig. 1.—Ability of aspirin, a prosta- 
glandin antagonist, to relieve spasm of 
interstitial segment of tubes. This 36- 
year-old woman was referred for hys- 
terosalpingography to evaluate long- 
standing infertility. 

A, Hysterosalpingogram shows sat- 
isfactory filling of uterine cavity, includ- 
ing uterine cornua, but fails to show 
opacification of either tube. 

B, After administration of aspirin, 
325 mg orally for 6 days, hysterosal- 
pingogram shows filling of both fallo- 
pian tubes and spillage into peritoneal 
Cavity. 


obtained at this time to demonstrate both the proximal and distal 
segments of the tubes and spillage into the peritoneal cavity. 


Results 


Of 100 women with obstruction of both fallopian tubes on 
the initial hysterosalpingogram, one or both tubes proved to 
be patent in 21 patients on the hysterosalpingogram obtained 
after premedication with aspirin for at least 1 week (Fig. 1). A 
third hysterosalpingogram was obtained in 20 women after 
administration of terbutaline (0.25 mg intramuscularly), and in 
four of these one or both tubes filled. In another five women, 
IV glucagon was given and a third hysterosalpingogram was 
obtained; none of these had evidence of tube filling. These 
25 patients had been randomly selected from the group of 79 
patients in whom the fallopian tubes had not filled with con- 
trast medium on the second hysterosalpingogram. 

Selective ostial salpingograms were obtained in the 75 
patients whose tubes thus far had failed to opacify. Unilateral 
(four) or bilateral (32) filling of the tubes was achieved in 36 
of these 75 patients (Fig. 2). In 39 patients, the tubes could 
not be opacified on selective ostial salpingograms. 

In 14 of the 61 patients in whom the tubes were ultimately 
opacified, distal disease was demonstrated. On the basis of 
the radiographic appearance, cause for initial nonfilling of the 
tubes was attributed to submucosal fibroids in six, uterine 
synechiae in three, an unrecognized septation of the uterus 
in one, and salpingitis isthmica nodosa in two. The precise 
cause could not be established on the basis of radiographic 
or other criteria in the remaining 49 patients, but spasm or 
debris was considered likely (Fig. 3). 

Sixteen patients became pregnant in a follow-up period of 
6-18 months. Twelve pregnancies occurred in the 61 patients 
who were ultimately proved to have patent tubes. The four 
others occurred in patients in whom a proximal obstruction 
had been successfully corrected by transcervical bougie di- 
latation. In addition, laser-assisted fimbriolysis and fimbrio- 
plasty for adhesions were performed in one of these patients, 





Fig. 2.—Value of ostial salpingography in showing normal tubes despite persistent nonfilling caused by spasm or blockage by refluxed debris. This 37- 
year-old woman was referred for hysterosalpingography to evaluate long-standing infertility. 
A, Hysterosalpingogram obtained after administration of a prostaglandin antagonist shows that tubes still fail to opacify. The 90° angle formed between 


interstitial and isthmic segments (arrow) is indicative of spasm. 


B, 0.015-in. Target guidewire with flexible platinum tip has been advanced from a precurved 5.5-French catheter through interstitial and isthmic 


segments of left fallopian tube. 


C, Subsequent ostial salpingogram shows filling of left tube. Initial nonfilling may have been caused by spasm or blockage by refluxed desquamated 


debris from uterine cavity. 


A 





Fig. 3.—Value of selective salpingography in revealing tubal occlusion by debris. This 29-year-old woman with known unicornuate uterus was referred 


for selective ostial salpingography to assess tubal patency. 


A, Ostial salpingogram shows a mantle of contrast medium in interstitial segment of tube. Central filling defect is probably due to inspissated debris 


(arrow). 


B, 0.015-in. Target guidewire has been advanced from unicornuate uterus through interstitial segment into isthmic segment of tube. 
C, Subsequent selective salpingogram through tapered 2-French catheter introduced into isthmic segment of tube shows a normal and patent tube. 


and a hydrosalpinx was diagnosed only after recanalization 
of the proximal tube. 


Discussion 


Nonfilling of the tubes can result from either functional or 
organic obstruction [1]. Obstruction implies a time-limited 
(functional) process, occlusion implies a permanent (organic) 
one [1]. Obstruction can occur attendant to inspissated amor- 
phous material in the proximal segment of the tubes or spasm 
of, particularly, the interstitial segment. DeCherney [2] sug- 
gested that nonfilling may be attributable to tubal obstruction 
in one half of patients and to tubal occlusion in the other half 
[2]. Amorphous material was identified as the cause for such 


obstruction in two of six patients on histologic examination of 
resected segments of fallopian tubes [3]. 

Tubal function is controlled by three intrinsic systems: the 
estrogen-progesterone system, the adrenergic-noradrenergic 
system, and prostaglandins [4]. 

Estrogen stimulates and progesterone inhibits oviductal 
muscular activity [5]. Adrenergic nerves are involved in isthmic 
motility changes; estrogen potentiates activation of the a- 
adrenergic receptors and progesterone that of 8-adrenergic 
receptors. Stimulation of a-adrenergic receptors reduces tran- 
sisthmic flow, whereas -adrenergic receptors stimulate and 
increase transisthmic flow. S2-agonists such as terbutaline 
cause isthmic relaxation and increase transisthmic flow [5]. 

Although the contractile response to prostaglandin varies 
depending on the stage of the menstrual cycle and hormone 


levels, prostaglandins E, and E; clearly inhibit and prostaglan- 
din F.,, stimulates fallopian tube contractions [6-9]. 

The uterotubal junction shows predominant 8-innervation 
of the innermost longitudinal and abutting circular muscle 
layers, whereas a-adrenergic receptors predominate in the 
outer longitudinal (spiral) layer [10]. Receptor stimulation dur- 
ing the phase of estrogen dominance of the outer layers of 
the uterotubal junction can thus cause spasm (Fig. 2A). In 
addition to oviductal contractility, prostaglandins E, and E> 
also tend to stimulate ciliary activity. 

Anatomically, the oviduct can be divided into four distinct 
parts, interstitial (100-m diameter), isthmic (500-um diame- 
ter), ampullary (1 cm), and infundibular (larger than 1 cm). The 
isthmic segment features a thick muscular wall and dense 
adrenergic innervation, making it a physiologic sphincter [4]. 
Ciliated cells increase dramatically from the interstitial to the 
infundibular segments [4]. 

Nonfilling of the fallopian tubes on an initial hysterosalpin- 
gogram can be caused by functional or organic obstruction 
(occlusion). Functional obstruction in turn can be caused by 
muscular spasm of the interstitial segment, the uterotubal 
junction, or isthmic segment; by amorphous debris in the 
tubes; or, most likely, by a combination thereof. The sine 
curve of the interstitial segment of the tube further encourages 
a fluid lock at the uterotubal junction (Fig. 3A). 

Prostaglandin antagonists and particularly 82-agonists (ter- 
butaline) cause isthmic relaxation and relax existing spasm. 
Straightening of the angle formed by the interstitial and isthmic 
segments of the fallopian tubes, as observed in some of our 
patients, supports this supposition (Fig. 2A). Moreover, in 
some instances, performing the second hysterosalpingogram 
in the progesterone-dominated phase of the menstrual cycle, 
when relaxation of the uterotubal junction segment is phys- 
iologically occurring, may further facilitate tubal filling. With 
increased relaxation of the outer longitudinal muscle layers 
and resultant straightening of the sine curve formed by the 
interstitial and isthmic segments, the mechanical flush effect 
of the hysterosalpingogram or the even greater flush effect 
of the selective ostial salpingogram may then clear the tube 
of debris and demonstrate an entirely normal and patent tube 
[2, 3, 11]. These factors explain the initial nonfilling of the 
tubes on hysterosalpingography and the subsequent dem- 
onstration of normal tubes in 21% of patients after adminis- 
tration of aspirin, a prostaglandin antagonist, and in perhaps 
another 20% of patients after administration of a 82-agonist 
(terbutaline), and an additional 36% by selective salpingog- 
raphy (Figs. 2B and 2C). 

In about 10% of the patients, uterine Causes, such as 
submucosal fibroids, synechiae, intramucosal endometriosis, 
or even misdiagnosis of a bicornuate uterus may be respon- 
sible for the initial nonfilling. Synechiae and submucosal fi- 
broids as well as intramucosal endometriosis can cause me- 
chanical or ball-valve obstruction at the ostium. Rarely (2% of 
patients), salpingitis isthmica nodosa may cause stenosis that 
fosters obstruction by amorphous material flushed from the 
uterus during the desquamation phase into the tubes. 

Selective ostial salpingography before and after transcer- 
vical recanalization of the proximal tubes by bougie or, rarely, 
balloon dilatation has improved demonstration and categori- 
zation of obstructive disease of the tubes (Fig. 3B). Not only 
can obstructive disease of the proximal tube be categorized 
and classified, but after recanalization, assessment of the 


status of the distal tube is possible (Fig. 3C). Because ob- 
struction of the distal tube is a definitive indication for surgical 
intervention, fimbrioplasty, or laser-assisted fimbriolysis, this 
added diagnostic information should improve the ability to 
restore tubal function [12, 13]. Likewise, improved visualiza- 
tion and categorization of disease of the proximal tubes 
should identify those lesions that mandate such microsurgical 
interventions as tubocornual or ampullary-isthmic anastomo- 
sis for extensive perisalpingitis [13-16]. 

Although this study offers no information as to the preva- 
lence of tubal patency when a second hysterosaipingogram 
is obtained without the benefit of a prostaglandin antagonist 
or after the use of a placebo, the patency rate should not 
exceed that of tubes in the pharmacologically manipulated 
group, unless the study is performed during the progesterone 
phase and thus benefits from increased transisthmic flow. 

The routine use of aspirin before hysterosalpingography 
and in cases of nonfilling, selective ostial salpingography at 
the same sitting, might be considered for resolving the prob- 
lem in one session, optimizing diagnostic yield, and reducing 
radiation dose. The risk attendant to drug therapy with aspirin 
is considered inconsequential. The minor risk of infection 
introduced during ostial selective salpingography could be 
minimized by administration of IV antibiotics at the time of the 
procedure. 
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MR Examination of the Knee: 
Interpretation with Multiscreen Digital 
Workstation vs Hardcopy Format 





A multiscreen imaging workstation was compared with conventional hardcopy format 
for diagnostic interpretation of MR images of the knee. MR examinations from 30 patients 
were interpreted by two observers using film displayed both on a standard film panei 
alternator and an eight-screen digital workstation. Arthroscopic examination of these 
patients disclosed 30 meniscal tears and five anterior cruciate ligament tears in 28 
patients. Two patients had normal arthroscopic examinations. The MR examinations 
were evaluated with a five-point confidence rating scale. Results were correlated with 
arthroscopic findings, and receiver-operating-characteristic curves were generated from 
these data. No significant difference was found between the areas under the receiver- 
operating-characteristic curves for film and digital display. The time required for image 
interpretation was greater when using the digital workstation than when using the film 
by a factor of approximately 2.7. 

Our data indicate that a multiscreen digital workstation can be used for interpreting 
MR examinations of the knee without impairment of diagnostic performance, but with 
increased time required for image interpretation when compared with radiographic film 
and a film panel alternator. 
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The use of a picture archiving and communication system (PACS) for display of 
MR images has several inherent advantages over conventional radiographic film. 
These include the capability for on-line monitoring of current cases, more efficient 
image storage via connection to an electronic archive, and manipulation of various 
image parameters such as window and level settings. The implementation of PACS 
is also expected to reduce costs associated with the use of film [1]. However, the 
effects on diagnostic performance of replacing film with a digital workstation have 
not been determined. 

The effective interpretation of MR examinations requires that muitiple cross- 
sectional images be displayed simultaneously, allowing the viewer to make spatial 
associations and scan rapidly through the image set [2, 3]. Therefore, an eight- 
screen imaging workstation was developed with the video display arranged in a 
similar configuration to a standard film panel alternator (Siemens PACS Diagnostic 
Reporting Console DRC/80, Siemens Gammasonics, Inc., Hoffman Estates, iL). 
We hypothesized that the quality of interpretation of MR examinations of the knee 
viewed on the multiscreen PACS would be comparable with the interpretation 
quality when using film. This study was undertaken to test this hypothesis. 


Materials and Methods 
Patients and Arthroscopy 


The study population consisted of 30 patients who had undergone both MR imaging and 
arthroscopic examination of the knee. This group included eight women and 22 men ranging 
from 17 to 72 years old (mean, 38 years). 
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Arthroscopy was performed by four different orthopedic surgeons. 
Thirty knees were examined arthroscopically (one per patient). Two 
of the knees were normal: the remaining knees had evidence of tears 
involving one or both menisci and/or the anterior cruciate ligament. 
A total of 60 menisci (two per patient) were evaluated, including 
medial and lateral menisci, of which 30 were normal and 30 abnormal. 
Thirty anterior cruciate ligaments were evaluated, of which 25 were 
normal and five were abnormal. 


MR Imaging Technique 


imaging was performed with a 1.5-T superconducting magnet 
(Magnetom; Siemens Medical Systems, Iselin, NJ). The knees were 
imaged in a dedicated knee coil with a 20-cm aperture. The imaging 
protocol included a coronal T1-weighted spin echo (SE) pulse se- 
quence with a repetition time (TR) of 600 msec and an echo delay 
time (TE) of 17 msec (SE 600/17), and a double-echo sagittal se- 
quence with SE 2500/25, 90. Contiguous slices 5-mm thick were 
acquired with one data acquisition in all imaging planes. The coronal 
images were acquired with a 128 x 512 matrix and displayed at 128 
x 256; sagittal images were acquired at 256 x 512 with a display 
matrix of 256 x 256. The field of view was 16 cm, yielding an in- 
plane resolution of 1.250 mm x 0.625 mm for coronal images and 
0.625 mm x 0.625 mm for sagittal images. All patients were examined 
supine with the knee in approximately 10-15° of external rotation to 
aid visualization of the anterior cruciate ligament in the sagittal plane 


[4]. 


Equipment 


For the film interpretation sessions, T1-weighted (SE 600/17) 
coronal and T2-weighted (SE 2500/90) sagittal images were printed 
on 14 x 17 in. (36 x 43 cm) film with a 15-on-1 format. The proton- 
density-weighted (SE 2500/25) sagittal images were enlarged by 
using a six-on-one format with 14 x 17 in. film. Windowing for the 
T1- and T2-weighted images was chosen to allow visualization of 
bone marrow, cartilage, muscle, and subcutaneous fat. Higher con- 
trast settings were chosen for the proton-density-weighted images 
for optimal visualization of the menisci and articular cartilage. The 
studies were printed on Kodak Ektascan SO-497 Laser film (Roch- 
ester, NY) by using a 4096 x 5120 matrix laser film printer (Kodak 
Ektascan Laser Printer, Model 100). The films were arranged on a 
50-panel alternator. Two panels were viewed simultaneously, allow- 
ing a maximum of eight films to be displayed. Ail of the images for 
each MR examination fit on the two film panels, thereby allowing 
simultaneous visual access to the entire examination without the 
need to change the film-panel position. 

The PACS consisted of eight 1024 x 1280 pixel monitors with a 
Microvax li host computer (Digital Equipment Corporation, Maynard, 
MA) and two parallel transfer disks, each with 474 megabytes of 
storage space. The observers interacted with the workstation via a 
keyboard and a mouse (track-ball controller). The mouse was used 
for image manipulation functions, including reordering of images, 
image magnification, and manipulation of window and level settings. 
The video monitors used in the PACS viewing console were 19-in. 
(48 cm) diagonal, high-performance white phosphor monochrome 
monitors. The CRTs were mounted with the longer dimension ori- 
ented vertically (“portrait” mode) with a 90° angle of deflection. The 
supported video rate was 60 Hz interlaced (120-Hz fields). Screen 
luminance was 30 foot Lamberts at screen center. The host computer 
was a DEC 630 QE dual chassis Microvax Il equipped with 9 
megabytes of RAM, two Fujitsu M2344K 690 megabyte Winchester 
disk drives (Fujitsu America, San Jose, CA), and a TK50 cartridge 
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tape drive. The image disk system (IDS) was a high-speed image 
storage system capable of transferring image data at sustained rates 
of up to 8 megabytes/sec. The system consisted of a Storage 
Concepts Concept 21 parallel transfer disk (PTD) processor (Siemens 
Gammasonics, Inc.) and two 474-megabyte Fujitsu M2350A PTD 
drives. 

All MR examinations were preloaded onto the parallel transfer disk 
subsystem linked to the workstation. Cases were selected from a 
displayed list by using the interactive mouse and menu screen 
prompts. The examinations were initially displayed on the video 
monitors with 16 images per monitor. The reviewers then selected 
key images for magnification during the image interpretation sessions. 
The image magnification function doubled the image dimensions, 
resulting in a fourfold increase in image area. 


Study Design 


The MR examinations were reviewed by two radiologists with 
substantial experience in musculoskeletal MR imaging. interpretation 
of MR findings was limited to three anatomic structures for which 
arthroscopic correlation was readily available: the medial and lateral 
menisci and the anterior cruciate ligament. The order of the MR 
studies was randomized on the basis of a computer-generated ran- 
dom number list. The 50 MR examinations were then divided into 
two equal groups. During the first set of image interpretation ses- 
sions, each observer evaluated 25 MR examinations on the digital 
display and the remaining 25 examinations on film. After each group 
of cases was interpreted by both observers, the MR examinations 
were reinterpreted by each observer by using the opposite format. 
Therefore, all of the examinations were interpreted twice by each 
observer, once on film and once on digital display. Each session 
consisted of one observer interpreting five or 10 cases using one 
format. The next group of five or 10 cases was then reviewed by the 
same person using the other format so that image interpretation 
sessions alternated between film and PACS for each observer. For 
each case, 4-6 weeks elapsed between the initial interpretation with 
one format and the subsequent interpretation with the opposite 
format to minimize the likelihood of observer recognition of a specific 
case or finding. 

Clinical history, arthroscopic results, and all patients’ identification 
information were withheld during image interpretation sessions. The 
observers were informed that normal cases were intermixed with 
abnormal cases but were unaware of the percentage of normal cases. 
MR studies were reviewed by using a five-point confidence rating 
scale to facilitate receiver-operating-characteristic (ROC) analysis. 
The observers were asked to rate the likelihood of the presence of 
tears of the menisci and anterior cruciate ligament. The responses 
were categorized as follows: 1 = definitely normal, 2 = probably 
normal, 3 = possibly abnormal, 4 = probably abnormal, and 5 = 
definitely abnormal. Examples of MR images of the medial meniscus 
from categories 1 and 5 of the confidence rating scale are shown in 
Figure 1. 

The image interpretation sessions were recorded with a color video 
camera (Newvicon Omnipro, Panasonic Consumer Electronics Divi- 
sion, Secaucus, NJ) to allow calculation of the time elapsed during 
the interpretation of each case. 

After completion of the image interpretation sessions, the findings 
on MR examinations were compared with arthroscopic findings, 
which served as the gold standard. 


Statistical Methods 


ROC curves were generated by correlating the presence of men- 
iscal and anterior cruciate ligament tears with the observers’ confi- 
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Fig. 1.—Sagittal proton density-weighted (SE 
2500/25) MR images of medial menisci from two 
categories in confidence rating scale. 

A, Category 1 (definitely normal): MR image 
shows smoothly tapering anterior and posterior 
horns of medial meniscus without evidence of 
abnormal intrameniscal signal. Arthroscopy 
showed no evidence of a meniscal tear. 

B, Category 5 (definitely abnormal): MR image 
shows a linear area of increased signal intensity 
that extends to the inferior articular surface of 
posterior horn of medial meniscus. Arthroscopy 
revealed a tear in posterior horn of medial me- 
niscus. 


A 


dence ratings. The curves were fit to the confidence levels by means 
of maximum likelihood estimation [5, 6]. Diagnostic performance was 
evaluated by calculating A,, which represents the area under a 
binormal ROC curve when it is plotted in the unit square [7, 8]. The 
Statistical significance of apparent differences between ROC curves 
was determined by applying a “two-tailed” univariate z-score test [9] 
to the reader-specific A, values. 

The two-sample Wilcoxon test for equality of ranks was used to 
compare distributions of the elapsed time for image interpretation 
[10]. 


Results 


The ROC curves comparing film and PACS are shown in 
Figure 2. The areas under the ROC curves were slightly 
greater for PACS (0.907 + 0.027 SD, reviewer 1; 0.932 + 
0.027 SD, reviewer 2) than for film (0.893 + 0.027 SD, 
reviewer 1; 0.880 + 0.034 SD, reviewer 2) for both reviewers. 
The difference between PACS and film A, values for observer 
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1 was not significant (p = .47). For observer 2, the difference 
approached but did not achieve statistical significance (p = 
.08). 

There was a marked difference in the amount of time 
required for interpretation of MR images when comparing film 
and digital formats. Both observers required significantly more 
time for image analysis with PACS (3.0 + 1.1 min SD, reviewer 
1; 4.7 + 1.5 min SD, reviewer 2) than with film (1.1 + 0.5 min 
SD, reviewer 1; 1.7 + 0.6 min SD, reviewer 2) (p < .001). 
The average time per case was greater on PACS than on film 
by a factor of approximately 2.7. 


Discussion 


We have addressed the effects on diagnostic performance 
of using a multiscreen digital workstation vs film for detecting 
meniscal and anterior cruciate ligament tears on MR exami- 
nations of the knee. Analysis of the data revealed no signifi- 
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Fig. 2.—A, Receiver-operating-characteristic (ROC) curves for diagnosis of meniscal and anterior cruciate ligament tears, film vs picture archiving and 
communication system (PACS), for observer 1. Areas under curves are not significantly different (p = .47). 
B, ROC curves, observer 2. Areas under curves are not significantly different (p = .08). 
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cant difference (p > .05) between the areas under the individ- 
ual ROC curves for each observer. However, a dramatic 
increase was seen in the time required for image interpretation 
with the digital workstation. 

The increase in image interpretation time with PACS is 
attributable to several factors. Both observers had limited 
experience with the digital workstation before this study; their 
experience with film was far greater and this presumably 
contributed to their faster interpretations with the conven- 
tional format. The imaging workstation also offered several 
functions that most likely contributed significantly to the pro- 
longed image interpretation time, including image magnifica- 
tion, image reordering, and interactive windowing. The ob- 
servers frequently selected key images from different loca- 
tions on the digital display and moved them to one of the 
lower middle monitors for review. This would be done, for 
example, to evaluate the menisci on sagittal and coronal 
images, or the anterior cruciate ligament on T1- and T2- 
weighted images. In addition, the digital images invariably 
required some adjustment of window and leve! settings, 
whereas the images on film had been photographed at optimal 
settings by the MR technologist. A more recent version of the 
software for the digital workstation allows window and level 
settings to be preset at optimal settings for different pulse 
sequences and examinations. It is hoped that this will signifi- 
cantly shorten the image interpretation time in the future. The 
diagnostic performance of PACS vs hardcopy format will have 
to be reassessed once this and other changes are imple- 
mented because the present results are valid only under the 
conditions described above. 

Observer-performance testing with ROC analysis is an 
accepted format for evaluating the efficacy of digital display 
methods [11-15]. However, several important caveats should 
be considered when applying data derived from carefully 
controlled observer-performance tests to routine radiologic 
practice. Each observer in the present study was aware that 
his performance was being carefully evaluated and compared 
with that of the other observer. In addition, the viewing 
conditions (e.g., ambient light, freedom from interruptions) 
were controlled to a greater extent than in routine clinical 
practice. These factors may have had an influence on diag- 
nostic performance, although the extent of this influence is 
difficult to ascertain. At any rate, the effect on image interpre- 
tation is presumably similar with film and PACS. 

Although most of the clinical PACS research to date has 
focused on chest radiographs [11-20] and other projectional 
radiographic examinations [21-25], MR imaging may be a 
more logical starting place for PACS implementation. MR 
images are acquired in digital format and can be transferred 
to digital workstations without alteration, whereas the con- 
version of standard radiographs (i.e., analog images) to digital 
format entails a potential for loss of information and degra- 
dation of image quality. In addition, the spatial resolution 
requirements for MR images are significantly less stringent 
than for most projectional studies, a factor of major impor- 
tance with regard to design costs, transmission-speed re- 
quirements, and data archiving [26]. 

In this study, the use of a multiscreen digital workstation 
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resulted in lengthening the time of interpretation of MR ex- 
aminations without a significant improvement in observer 
performance. These results do not support the replacement 
of film with PACS for interpreting MR examinations. However, 
the results should be considered in the context of the greater 
scope of the potential impact of PACS implementation. PACS 
has many inherent advantages in the areas of archiving, 
display, and transmission of images and information. For 
these reasons, it has been widely predicted that digital work- 
stations will eventually replace most radiographic film [1]. In 
order for this to occur, it must be shown that diagnostic 
performance will not be impaired by the conversion from film 
to PACS. The present results suggest that, from the stand- 
point of diagnostic accuracy, the multiscreen PACS may serve 
as a practical alternative to radiographic film displayed on a 
conventional film panel alternator for the detection of meniscal 
and anterior cruciate ligament tears on MR examinations of 
the knee. The implications of these findings concerning the 
general application of PACS to MR imaging are promising but 
require further testing in the clinical arena. 
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Appointment of New Associate Editor 


Robert N. Berk’ 


Beginning with this issue, Saskia von Waldenburg Hilton 
will step down as associate editor of the Journal. She will be 
replaced by Karim Valji. The AJR is grateful to Dr. Hilton for 
her dedicated service as editor during the past 6 years. The 
Journal has benefited from her astute ability to make appro- 
priate editorial decisions, her insistence on high standards, 
and her willingness to personally help authors with their 
manuscripts. She has been especially generous in spending 
many hours steering new authors through the peer-review 
process and the task of writing revisions. 

Karim Valji is a member of the radiology faculty at the 
University of California, San Diego (UCSD), School of Medi- 
cine. A graduate of Harvard College and Harvard Medical 
School, Dr. Valji joined the UCSD faculty after completing his 
residency in radiology at UCSD. His perspicacity, enthusiasm, 
talents as an author and reviewer, and extraordinary compe- 
tence are certain to stand him in good stead in his new role 


as associate editor. We look forward to working with him in 
Saskia von Waldenburg Hilton Karim Valji the editorial office. 
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Effect of Radiation Therapy on 
Thoracic and Lumbar Bone 
Marrow: Evaluation with MR Imaging 








Bone marrow suppression is often the limiting factor in the use of radiation therapy. 
In order to determine if MR imaging can be used to quantify bone marrow changes, we 
performed a serial prospective study of patients with lung cancer (six cases) and 
lymphoma (six cases). Quantitative and qualitative assessments of T1-weighted sagittal 
images, 750/33 (TR/TE), obtained at 0.6 T before, during, and after radiotherapy showed 
increased signal intensity in the radiated portions of the spine. These changes appeared 
as early as 2 weeks after the beginning of radiation, continued to increase until a 
maximum value was attained, and then persisted during the follow-up period of 2 years. 
A significantly higher (p < .04) ratio of pretreatment to maximum posttreatment signal 
intensity was seen in patients with lymphoma than in those with lung cancer, and 
pretreatment values in patients with lymphoma were significantly lower (p < .01). The 
lower pretreatment values found in the patients with lymphoma may have been due to 
the smaller amount of yellow marrow in these patients, who were significantly younger 
(33 vs 62 years). The higher ratio of pre- and posttreatment signal intensity may have 
been related to the larger amount of hematopoietic marrow available to undergo fatty 
replacement. The persistence of elevated signal intensity for as long as 2 years after 
radiation suggests an endpoint in the process of marrow conversion, but not reversal in 
the form of regeneration of hematopoietic bone marrow. 

Quantitative MR evaluation of bone marrow may be of considerable value as a 
noninvasive means of monitoring the effects of radiotherapy. 
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The pathology of radiation effect on bone marrow has been well documented by 
needle aspiration or microscopic/macroscopic examination of autopsy specimens 
[1-6]. Gross anatomic and histologic specimens have shown that irradiated bone 
marrow becomes hypocellular, with destruction of fine vasculature followed by 
fatty marrow replacement of the normal hematopoietic marrow [5]. This is detected 
as increased signal intensity on MR images owing to the decreased T1 relaxation 
time of the increased fatty marrow content and is well documented histologically 
[7]. The destruction of sinusoidal circulation precludes migration of hematopoietic 
cells from distant nonirradiated sites. This is the limiting factor in toxicity of 
radiotherapy, because it is unlikely that any remaining reticulum cells would have 
stem cell activity sufficient to promote regeneration [2]. 

To date, investigations of MR imaging of radiation-induced marrow changes 
have been retrospective studies, and usually the patients were imaged only once 
[8, 9]. We performed a prospective MR study in a series of patients with lung 
cancer and lymphoma who were treated with radiotherapy and had not had 
treatment before. Our goal was to determine the time at which signal intensity 
changes in the bone marrow first become evident and whether they persist or 
change on subsequent scans. To document the qualitative changes seen on MR 
images and to more accurately assess these changes over time, we also developed 
a method for standardizing the quantitative evaluation of signal intensity. 
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Subjects and Methods 


Twelve consecutive patients, six with newly diagnosed lymphoma 
and six with newly diagnosed lung cancer, underwent MR imaging at 
specified times in the course of radiation treatment (part of the New 
York State Demonstration Project on the Efficacy of MRI). The 
average ages of the five women and seven men were 62 years in 
those with lung cancer and 33 years in those with lymphoma. None 
of the patients had undergone previous irradiation or chemotherapy, 
nor were they receiving concomitant chemotherapy at the time of the 
investigations. 

Patients with lung cancer underwent a standard treatment protocol 
of 4140 cGy to the mediastinum (T1-—T9, 200 cGy/day, 5 treatments/ 
week) and an additional 1980 cGy to the mass itself, which did not 
include the spine. Patients with lymphoma underwent a standard 
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treatment protocol of 3600 cGy to the mantle area (T1-T9) and 3600 
cGy to the paraaortic area (T10-L4). The doses were administered 
as 200 cGy/day, 5 days per week, and alternated between the two 
regions every 2 weeks; an additional boost of 500 cGy was delivered 
to the supraclavicular region at the completion of the course. 

MR images (0.6 T) were obtained before therapy; every 2 weeks 
during therapy; and 2, 3, 6, and 12 months after the completion of 
therapy. T1-weighted sagittal images, 750/33 TR/TE), were exam- 
ined for changes in the signal intensity of vertebral bodies relative to 
that of subcutaneous fat during and after treatment. 

In order to quantify the signal intensity of each of the vertebral 
bodies, corrections are needed to adjust for variations in tip angles, 
RF coil response, patient loading in the coil, and patient motion and 
blood flow. A calibration phantom was developed consisting of a long 
rectangular tube (2.5 2.5 x 40 cm) filled with polyunsaturated oil 


Fig. 1.—41-year-old man with Hodgkin lymphoma. Serial MR images 
show increase in signal intensity with treatment. 

A, Image shows pretreatment signal intensity of vertebrae. 

B, Image shows an increase in signal intensity of thoracic vertebrae 
compared with lumbar vertebrae after patient had received 1600 cGy to 
thorax within 20 days. 

C, Image shows a further increase in signal intensity of thoracic verte- 
brae after patient had received a total of 3600 cGy to thorax and 1600 cGy 
to abdomen 2 months into course of radiation therapy. 

D and E, Images show continued increase in signal intensity in both 
thoracic (D) and lumbar (E) vertebrae after total dose of 4000 cGy to thorax 
and 3600 cGy to abdomen 3 months after start of radiation therapy. 
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(Crisco, Procter & Gamble, Cincinnati, OH) that was positioned un- 
derneath the patient. 

In order to determine the appropriate corrections, MR body coil 
response curves were generated for the spatial variations of the RF 
coil and changes in the tip angles by using a calibration phantom 
filled with a solution containing 50% glycol in water. Also, volunteers 
were imaged at various pulse TRs in order to develop the additional 
corrections created by the eddy currents within the patient. Finally, a 
net correction response curve weighted for the RF response of the 
body coil, for fat signal changes (tip angle variations), and for the 
response of volunteers was determined for each of the 256 columns 
of a sagittal image for a given slice thickness and TR/TE. This 
correction matrix was applied for all columns and rows of each sagittal 
image containing vertebral bodies. The signal intensity value for each 
vertebral body was defined as the ratio of the corrected MR intensity 
for that vertebral body to the subcutaneous fat. 

To summarize the signal intensity changes of the irradiated spine 
for a particular patient at any one time, we calculated the average 
pretreatment signal intensity value of the irradiated vertebrae as well 
as the average maximum posttreatment value. To assess the relative 
increase in the signal intensity over the pretreatment values, we 
calculated the ratio of the average maximum posttreatment value 
attained for that patient to his or her average pretreatment value. The 
general linear model (one-way analysis of variance with covariates) 
was used to analyze the relationship between these summary signal 
intensity values for the irradiated spine by type of tumor and the 
covariates age and complete blood cell count (WBCs, hemoglobin, 
hematocrit, and platelets) before and after radiation treatment. 


Results 


Scans of both lung cancer and lymphoma patients showed 
increased signal intensity of vertebral bodies in the region of 
irradiation. The earliest changes were noted 2 weeks after 
beginning radiation therapy (after receiving 1600 cGy). The 
signal intensity continued to increase on subsequent scans 
during the treatment period. In patients with lymphoma, who 
received sequential radiation to two anatomic regions, it was 
observed that the newly irradiated marrow in the abdominal 
regions increased in signal intensity just as the marrow in the 
thorax had increased in signal intensity after irradiation of that 


Fig. 3.—71-year-old man with ade- 
nocarcinoma of upper lobe of left lung. 

A, Pretreatment sagittal MR image 
shows pretreatment signal intensity of 
vertebrae. 

B, Sagittal MR image after 1 month 
of radiation therapy (3060 cGy) shows 
slightly increased signal intensity in 
T2-T8 region. 

C, Sagittal MR image 2 months after 
completion of treatment shows mark- 
edly increased signal intensity of irra- 
diated vertebrae (T2-T8). 
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region (Fig. 1). In some cases only one half of the vertebral 
body was involved (Fig. 2). In patients with lung cancer, the 
areas of irradiation were sharply delineated by MR (Fig. 3). 

In all patients the signal intensity of irradiated marrow 
continued to increase rapidly for the first 6 weeks and then 
more slowly toward a maximum value. Thereafter, the signal 
intensity remained unchanged through the last follow-up 
scans obtained, which took place 1 year later in 10 patients 
and 2 years later in two patients who were available for 
follow-up. 

The nonirradiated marrow showed no change in signal 
intensity, either during radiation treatment or well afterward, 
even when maximal increases in intensity were observed in 
irradiated regions. Quantitatively, these changes in signal 





Fig. 2.—27-year-old man with Hodgkin lymphoma. 

A and B, Coronal (A) and sagittal (B) MR images show increased signal 
intensity of thoracic vertebrae. This area is so clearly delineated that 
increased signal intensity can be seen in half of a vertebral body that was 
included in the port. 
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intensity values for individual patients could be depicted for 
each vertebral body (Figs 4 and 5). The average pretreatment 
and maximum posttreatment values attained by each patient 
were determined (Figs. 6 and 7). 

The average pretreatment value for the vertebral bodies 
from C7 to L5 for all patients combined was 53 (standard 
error of 2.0). In patients with lung cancer, the average pre- 
treatment value was 57, which was significantly higher (p < 
.01) than the average pretreatment value of 48 for patients 
with lymphoma. The maximum posttreatment value increased 
in both groups, but was no longer significantly different (p < 
.08): 95 for the patients with lung cancer and 87 for the 
patients with lymphoma. The ratio of the maximum posttreat- 
ment to pretreatment value was significantly different (p < 
.04) for the two tumor groups, 1.67 for lung cancer and 1.80 
for lymphoma. Although age was a significant factor in ac- 
counting for the difference in pretreatment (o < .02) and 
maximum posttreatment (p < .03) values, it could not account 
for the significant difference in the ratio of the maximum 
posttreatment to pretreatment values (p < .18). 


Discussion 


MR is known to be an accurate technique for imaging both 
vertebral bodies and disk spaces [10-13], with T1-weighted 
images superior in revealing abnormalities of the spine [11, 
13]. It has been shown that the increased signal intensity of 
bone marrow seen on MR is due to fatty replacement of the 
normal hematopoietic marrow [7, 14], which is a histologically 
documented effect of irradiation [5]. T1 and T2 relaxation 
times in vertebral bodies appear to reflect the relative amounts 
of trabecular bone, red (hematopoietic) marrow, and yellow 
(fatty) marrow. The normal adult distribution of red and yellow 
marrow [15, 16] can be altered by the presence of marrow- 
infiltrating diseases [17] and treatment, particularly therapeu- 
tic irradiation, which causes a well-documented sequence of 
bone marrow changes [5]. 

The use of calibration phantoms allowed us to standardize 
signal intensity values and perform accurate quantitative as- 
sessments of signal intensities in all patients. It also provided 
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Fig. 4.—Quantitative values for MR signal intensity of spine (lymphoma 
patient shown in Fig. 1). 
Line A, Before treatment. 
Line B, After receiving 3600 cGy to thorax and 1600 cGy to abdomen. 
Line C, After completion of therapy. 
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Fig. 5.—Quantitative values for MR signal intensity of spine (lung cancer 
patient in Fig. 3). 

Line A, Before treatment. 

Line B, After receiving 4020 cGy to thoracic spine. 

Line C, 9 months after start of radiation therapy. 
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Fig. 6.—Average pretreatment (black columns) and maximum posttreat- 
ment (gray columns) signal-intensity values for patients with lymphoma. 


consistency during serial examinations in the documentation 
of quantitative increases in signal intensity, which were also 
observed qualitatively. The average signal intensity value for 
the vertebral bodies before therapy was 53. This result may 
reflect the fact that hematopoietic and fatty marrow are 
approximately equal in the vertebral body. Numeric signal 
intensity values were consistent with the observed visual 
assessment of the progression, showing an initially rapid 
increase after irradiation, followed by a more gradual increase 
to a maximum value, and thereafter remaining elevated for as 
long as the patients were followed up. The average maximum 
posttreatment value of all 12 patients increased 1.7 times 
over the baseline pretreatment values. In all patients, the 
regions of increased signal intensity in vertebral bodies cor- 
responded closely to areas defined by port films. 

Lymphoma and lung cancer populations responded simi- 
larly to irradiation, and we found that anatomic site or se- 
quence of regions irradiated had no bearing on the resulting 
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Fig. 7.—Average pretreatment (black columns) and maximum posttreat- 
ment (gray columns) signal-intensity values for patients with lung cancer. 


increase in signal intensity. The patients with lymphoma re- 
ceived two courses of radiation alternating between the 
thorax and abdomen. Both sites showed similar time courses 
and magnitudes of increase in marrow signal intensity whether 
the patient received radiation only to the thorax (as in patients 
with lung cancer) or alternately to the thorax and abdomen 
(as in patients with lymphoma). The increased signal intensity 
of the thoracic spine persisted throughout irradiation of the 
lumbar spine, which subsequently increased in signal intensity 
also. 

Statistical analysis of signal intensity changes revealed a 
significant difference (p < .01) between patients with lung 
cancer and lymphoma with respect to the pretreatment values 
(57 vs 48). Furthermore, age was found to be a significant 
factor (p < .02) in this difference because the patients with 
lymphoma were much younger (33 vs 62 years). The lower 
pretreatment values of the lymphoma group can be explained 
in terms of what we already know about fatty replacement. 
Because the patients with lymphoma were younger, they had 
proportionately less fatty marrow to begin with than did the 
older patients with lung cancer, in whom fatty replacement 
had already progressed further as part of the normal aging 
process. The maximum posttreatment value attained was 
higher, although not significantly (o < .08), in the patients with 
lung cancer. Assuming that the endpoint of total fatty replace- 
ment sets a limit for increase in signal intensity, we can posit 
that the older patients with lung cancer were already further 
along on a continuum of fatty change when they began their 
radiation treatment, or that the difference was due to their 
slightly higher total dose to the thoracic spine (540 cGy). 

The significantly higher (p < .04) maximum posttreatment 
to pretreatment ratio obtained in patients with lymphoma (1.8 
vs 1.6) can be attributed to their lower baseline values, 
resulting in a higher proportion of hematopoietic marrow 
undergoing fatty replacement after irradiation. Alternatively, 
this higher ratio in the patients with lymphoma may be due to 
irradiation of both the thoracic and lumbar spine, thus limiting 
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the possibility of repopulation from the lumbar bone marrow. 
The latter possibility would, however, be suggested only if 
the signal intensity of the thoracic bone marrow in the patients 
with lung cancer had decreased during the follow-up period. 

The persistence of high signal intensity as long as 2 years 
after completion of therapy gives no evidence that marrow 
regeneration has taken place. The process of regeneration 
has been defined as the reconstitution of fine vasculature and 
sinusoids, with eventual repopulation by hematopoietic cells 
[2]. If regeneration had taken place, we would have expected 
to see an eventual decrease in signal intensity after 1 year, 
when regeneration becomes evident histologically [2, 4]. Such 
regeneration has been consistently demonstrated 1 year after 
doses of 4000 cGy of local [1-4] and total nodal [4] irradiation. 
Alternatively, reconversion of yellow to red marrow may occur 
in distal nonirradiated sites when the usual adult volume of 
functioning red marrow is reduced by disease or radiation 
damage. The persistence of heightened signal intensity sug- 
gests either that significant regeneration and reconversion did 
not occur in our subjects or that increases in hematopoietic 
marrow volume did not cause a measurable change in MR 
signal intensity [18]. As there was no significant depression 
of peripheral blood cell counts during or after the course of 
radiation therapy, reconversion may have occurred at periph- 
eral sites that were not scanned in order to maintain the 
required blood cell volume. However, other researchers have 
found peripheral blood counts to be a poor index of bone 
marrow function [5, 8], so we cannot be certain that compen- 
satory hematopoiesis was in fact occurring anywhere in re- 
sponse to radiation changes in the vertebrae. In fact, there 
may not have been a sufficient stimulus for marrow regener- 
ation or reconversion because the patients received fraction- 
ated radiation to limited regions of the axial bone marrow [4]. 

In summary, Our prospective study documented increased 
signal intensity in bone marrow of patients with lung cancer 
or lymphoma as early as 2 weeks after initiation of radiation 
therapy. Because we obtained serial MR scans that were 
evaluated quantitatively through the use of calibration phan- 
toms, we were able to document the course of increasing 
signal intensity over time. In comparing patients with lung 
cancer and lymphoma, we found that the pretreatment and 
maximum posttreatment values were probably dependent on 
the proportion of yellow marrow present before treatment. 
The significantly higher maximum posttreatment to pretreat- 
ment ratio in patients with lymphoma may be related to the 
relatively higher proportion of hematopoietic marrow undergo- 
ing fatty replacement, or to their treatment with irradiation of 
both the thoracic and lumbar spine. The persistence of ele- 
vated signal intensity for as long as 2 years suggests an 
endpoint in the process of marrow conversion, but not rever- 
sal in the form of regeneration or reconversion. This, however, 
cannot be decided with certainty, as there must be sufficient 
underlying stimuli, as well as sufficient sensitivity in the quan- 
titative assessment of the MR images. Both of these issues 
are important topics for future study, which may define an 
important clinical role for MR as a noninvasive means of 
monitoring the volume of functional bone marrow. Finally, the 
underlying marrow changes causing the increased signal in- 
tensity on MR may be a combination of several biochemical 
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and histologic processes, which should also be elucidated 
further. 
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Normal and Degenerated Intervertebral Disk: In Vivo and In 
Vitro MR Imaging with Histopathologic Correlation 


Mark L. Schiebler,’ Nicolas Grenier,” Michael Fallon,® Vicki Camerino,* Michael Zlatkin,® and Herbert Y. Kressel® 


The components of the intervertebral disk serve two purposes. 
The hydrophilic matrix is contained by circumferential rings of 
fibrocartilage (outer anulus) and Sharpey’s fibers. The gellike 
hydrophilic matrix acts as a cushion between the vertebral body 
endplates by providing an even distribution of axial and rotational 
compressive forces. The construction and integrity of the inter- 
vertebral disk are assessed well by MR. The purpose of this 
pictorial essay is to show the in vitro and in vivo MR appearances 
of the normal and degenerated disk, and to correlate these MR 
changes with their respective histopathologic findings. 


Normal Disk Microarchitecture 


Sharpey’s fibers and the rings of the outer anulus are 
demonstrated well with high-resolution MR. This is because 
the collagen fibrils are extremely well organized and have an 
almost infinite T1 and a very short T2. This causes them to 
have a low signal intensity on short TR/short TE (e.g., 600/ 
20), long TR/short TE (e.g., 2500/40), and long TR/long TE 
(e.g., 2500/80) spin-echo (SE) images (Fig. 1). 

The central disk is composed of wispy fibrocartilage from 
the inner anulus and the gelatinous matrix of the nucleus 
pulposus. These two regions of the disk are inseparable on 
SE imaging. The loose collagen fibrils of the inner anulus are 
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too small to be seen. The hydrated gel of the nucleus pulposus 
has the same signal intensity on long TR/TE pulse sequences 
as the inner anulus does, even though the nucleus pulposus 
has the physical consistency of gelatin (Fig. 1). 

The intranuclear cleft should be seen in normal adult disks 
[1]. The intranuclear cleft is composed of a fibrous transfor- 
mation of the previously gellike matrix. 


Microarchitecture of Early Disk Degeneration 


Disk degeneration may occur without a loss in disk height 
or signal intensity on long TR/long TE SE images. The first 
evidence of this is infolding of the fibers of the outer anulus 
(Figs. 2 and 3). Infolding is occasionally accompanied by the 
formation of an anterior region of low signal intensity, which 
we have arbitrarily named the central dot (Figs. 2 and 3). We 
have found the central dot to correlate with compression of 
the apex of the infolding fibers of the outer anulus (Fig. 2). 
Myxoid degeneration of the fibers of the outer anulus may 
occur without any other changes. This degeneration is anal- 
ogous to the degeneration that occurs within the fibrocartilage 
of the menisci in the knee. Within the intervertebral disk, 
myxoid degeneration can be seen as alternating areas of 
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Fig. 1.—Normal disk microarchitecture. 

A, Sagittal MR image (SE 600/20, 256 x 256 
matrix, 3 mm thick, 0.6-mm slice skip, 8-cm field 
of view, 4 averages, 5-in. [13-cm] receive-only 
surface coil) shows anterior longitudinal liga- 
ment (small arrowheads); central fibers of ante- 
rior outer anulus (long straight arrows); inner 
anulus and nucleus pulposus (short solid arrow), 
which are inseparable on MR; calcification of 
posterior aspect of hyaline cartilage endplate 
(large arrowheads) at insertion of vertical fibers 
of posteromedial outer anulus (open arrow); and 
Sharpey’s fibers (solid curved arrow). Thin rim 
of hyaline cartilage endplate is barely observa- 
ble anteriorly (open curved arrow). 

B, Sagittal MR image of L5-S1 specimen disk 
(same imaging parameters as A) shows relation- 
ship between convex posterior margin of outer 
anular fibers (curved arrow), which insert on 
hyaline cartilage endplate, and Sharpey’s fibers, 
which insert on bone (arrowheads). Between these two structures is a trian- 
gular area of hyaline cartilage endplate (straight black arrow). Note low-signal- 
intensity anterior longitudinal ligament (white arrows). 

C, Sagittal MR image of L3-L5 specimen disks (SE 2500/80, 128 x 256 
matrix, 2 averages, 5-mm slice skip, 16-cm field of view, 5-in. receive-only 
surface coil). Central disk (L3-L4) shows low signal intensity of horizontal 
intranuclear cleft (black arrow) surrounded by higher signal intensity of nucleus 
pulposus and inner anulus. Fibers of anterior outer anulus are seen as vertically 
oriented structures of low signal intensity (curved arrow). Note high signal 
intensity at corners of anterior hyaline cartilage endplate (straight white ar- 
rows), which may undergo endochondral ossification and become osteo- 
phytes. 

D, Midline sagittal MR image of lumbar spine in a 35-year-old patient (SE 
2500/80, 5 mm thick, 1-mm slice skip, 2 averages, 128 x 256 matrix, 14- by 
17-in. [36- by 43-cm] license-plate surface coil) shows anterior longitudinal 
ligament (short white arrow) and posterior longitudinal ligament and dura 
(arrowhead). Outer anulus (long white arrow) is thicker anteriorly. Nucleus 
pulposus and inner anular fibers are inseparable (open arrow). Intranuclear 
cleft (black arrows) is partially seen as an area of central low signal intensity. 
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Fig. 3.—Early disk degeneration in vivo in a 40-year-old patient. 
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A, Sagittal MR image (gradient echo 400/25, <25°, 5 mm thick, 1-mm slice skip, 2 averages, 14- by 17-in. [36- by 43-cm] license-plate surface coil) 


shows central dots in anterior aspects of disks (arrows). 


B, Sagittal MR image (SE 600/20, 5 mm thick, 1-mm slice skip, 2 averages, 128 x 256 matrix, license-plate receive-only coil) shows infolding of anterior 


aspect of outer anular fibers at L4-L5 level (arrows). 


C, Magnified sagittal MR image with a very narrow window width shows involuting fibers (arrow). 


increased signal intensity between the low signal intensity 
fibers of the outer anulus (Fig. 2). 


Microarchitecture of Late Disk Degeneration 


Separation between the hyaline cartilage endplate and the 
inner anulus and nucleus pulposus occurs in disks that show 
both a loss of height and signal intensity on long TR/long TE 
SE images (Fig. 4). These areas are true fibrin-lined clefts that 
may contain either nitrogen gas or water (Fig. 4). 


Microarchitecture of Intradiskal Herniation 


Many disk herniations probably start as intradiskal tears of 
the fibers of the outer anulus from internal herniation of the 
central hydrated proteoglycan matrix of the nucleus pulposus 
[2]. These intradiskal tears can be seen on high-resolution 
MR as regions of discontinuity of outer anular fibers. The 


tract of the dissecting bolus of nucleus pulposus may be seen 
even on long TR/long TE SE images (Fig. 5). 


Microarchitecture of a Retained Disk Herniation 


The dissecting bolus of a hydrated proteoglycan matrix 
may tear through Sharpey’s fibers and come to rest immedi- 
ately anterior to the posterior longitudinal ligament [3, 4]. It 
then may undergo desiccation (Fig. 6). 


Conclusions 


High-resolution MR imaging of the disk can provide a highly 
accurate picture of the disk’s microarchitecture prior to his- 
tologic sectioning. Findings of early disk degeneration can be 
seen in vivo before either the loss of disk height or loss of 
central disk signal intensity has occurred on long TR/long TE 
images. 








<4 Fig. 2.—Early disk degeneration in specimen disk. 


A, Sagittal MR image (SE 600/20, 256 x 256 matrix, 3 mm thick, 0.6-mm slice skip, 4 averages, 8-cm field of view, 5-in. [13-cm] receive-only surface 
coil) shows infolding of fibers of outer anulus toward shrinking nucleus pulposus and inner anulus. This occurs circumferentially and primarily involves 


more central fibers (arrows) of outer anulus. 


B, Sagittal MR image (SE 2500/40, 256 x 128 matrix, 5 mm thick, 2 averages, 16-cm field of view, 5-in. receive-only surface coil) of same disk shows 


simple infolding (arrows) and intranuclear cleft. 


C, Photograph of sagittal tissue block from disk shows infolding fibers of anterior outer anulus (long arrow). Region of intranuclear cleft is seen as a 


darker area in center of disk (short arrows). 


D, Photomicrograph (original magnification x 40) of apex of collapsed collection of anterior outer fibers. This central coalescence of fibers may cause 
MR finding of a central dot. These fibers assume a horizontal V configuration. Air spaces between stained fibers are section artifacts. Note presence of 


scattered metaplastic cartilage cells (arrows). 


E, Sagittal MR image (SE 600/20, 256 x 256 matrix, 3 mm thick, 0.6-mm slice skip, 4 averages, 8-cm field of view) shows myxoid degeneration of fibers 
of outer anulus. Alternating regions of higher-signal-intensity material (myxoid degeneration) are between low-signal-intensity collagen fibers of outer 
anulus (long solid arrows). Note vertical bar of fibers in central posterior outer anulus (short solid arrows). Posterior longitudinal ligament is seen (open 


arrow) covering basivertebral vein, which is filled with air. 


F, Histopathologic section shows collagen fibers of outer anulus (black arrows), which are separated by myxoid material (white arrows). (H and E, 


original magnification x40). 





Fig. 4.—Disk degeneration with separation between nucleus pulposus and hyaline cartilage endplate in specimen disk. 

A, Sagittal MR image (SE 600/20, 256 x 256 matrix, 3 mm thick, 4 averages, 8-cm field of view, 5-in. [13-cm] receive-only surface coil) shows infolding 
(arrow) and separation of nucleus pulposus and inner anulus from hyaline cartilage endplate (arrowheads). 

B, Sagittal MR image (SE 2500/80, 258 x 256 matrix, 5 mm thick, 2 averages, 16-cm field of view, 5-in. receive-only surface coil) shows that site of 
separation superiorly has a linear area of high signal intensity (long arrow), probably due to fluid, whereas inferior site is hypointense (short arrow) due 
to gas. 

C, Sagittal MR image (gradient-recalled acquisition in the steady state 22.75/12.5, 30° flip angle, 256 x 128 matrix, 24-cm field of view, 5 mm thick, 2 
averages) shows multiple oval areas of signal void (arrows) representing pockets of gas at sites of separation. 

D, Photograph of tissue block shows I-beam shape of sites of separation (solid arrows) and infolding of outer anular fibers (open arrow). 

E, Photomicrograph from macrosection staining shows fibrin-lined clefts of separation within shrinking nucleus pulposus. Clefts have joined through a 
central vertical fibrin-lined cleft forming an I-beam shape (arrowheads). This vertical cleft was not seen on MR. Note infolding of fibers of outer anulus 
(arrows). (H and E, original magnification x40) 
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Fig. 6.—Herniation retained by posterior longitudinal ligament in specimen disk. 

A, Sagittal MR image (SE 600/20, 0.6-mm slice skip, 256 x 256 matrix, 3 mm thick, 4 averages, 8-cm field of view) shows a posterior herniation 
(extruded disk) retained by posterior longitudinal ligament (short straight arrow). Note site of avulsion of Sharpey’s fibers (curved arrow) and infolding of 
anterior outer anular fibers (arrowhead) with intervening region of myxoid degeneration (long straight arrow). 

B, Sagittal T2-weighted MR image (SE 2500/80, 5 mm thick, 1-mm slice skip, 128 x 256 matrix, 16-cm field of view, 2 averages, 5-in. [13-cm] receive- 
only surface coil) shows same posterior herniation (black arrow). Collection of posterior anular fibers and Sharpey’s fibers posteriorly (white arrow) 
together have the appearance of a hanging cherry. 

C, Photograph of tissue block shows retained posterior herniation (long solid black arrow) and white posterior longitudinal ligament (short solid black 
arrows). Anterior longitudinal ligament also can be seen as a white structure (arrowheads). Coalescence of fibers of posterior outer anulus and Sharpey’s 
fibers seen in B is seen immediately posterior to posterior inferior vertebral endplate (white arrow). 
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< Fig. 5.—Intradiskal herniation in a specimen disk. 

A, Sagittal MR image (SE 600/20, 256 x 256 matrix, 4 averages, 3 mm thick, 1-mm slice skip, 8-cm field of view, 5-in. [13-cm] surface coil) shows 
intradiskal herniation (dissection of nucleus pulposus material through fibers of outer anulus but not past Sharpey’s fibers), separation of nucleus pulposus 
from hyaline cartilage endplate (arrowhead), and anterior avulsion of anterior fibers of outer anulus (curved arrow). Fused portions of Sharpey’s fibers 
and anterior longitudinal ligament are intact (short solid arrow). Note inferior osteophyte, which contains fatty marrow (long solid arrow). Also seen is 
infolding with a central dot (open arrow). 

B, Sagittal MR image (SE 2500/80, 128 x 256 matrix, 2 averages, 5 mm thick, 16-cm field of view, 5-in. surface receive-only coil) shows linear area of 
high signal intensity in separation sites (short solid arrows) and low signal intensity of remaining inner anulus. Herniated nucleus pulposus has dissected 
through barrier of outer anulus leaving a tract of high signal intensity (long solid arrows) and lies at anterior inferior corner of disk endplate (open arrow). 

C, Photograph of histopathologic section shows that fixation process has removed most of nucleus pulposus from center of disk (arrow) and from its 
anterior site of herniation (arrowhead). At x 100, however (not shown), this anterior herniation site did show evidence for extruded nuclear material. 
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Tissue Characterization in MR Imaging. Clinical and Technical Approaches. Edited by H. Peter Higer and Gernot 


Bielke. New York: Springer-Verlag, 340 pp., 1990. $149 


This text is a formalized collection of papers presented at a 
European workshop held in 1989. The contents are divided into two 
general sections: (1) methods and techniques and (2) clinical results. 
Methods and techniques contains a number of discussions of relax- 
ation parameters (14 presentations on estimation approaches, fun- 
damental limitations, and comparative analyses of measurement tech- 
niques). A section on signal mechanisms and influences contains four 
good papers on types of MR contrast agents, and the section on 
pattern recognition contains nine papers on feature analysis of MR 
images. The general section on clinical results contains discussions 
of the musculoskeletal system, body, breasts, head and brain, and 
miscellaneous organ systems. 

It appears that the goal of the proceedings was to identify the 
information (exclusive of flow, perfusion, or spectrascopic analysis) 
that can be gleaned from the MR signal and used to improve 
diagnosis. The general (although unwritten) message is that by itself 
the morphologic information of MR images does not tell the whole 
story. 

Unfortunately, although the appeal of the usefulness of MR param- 
eters (T1, T2, spin density) has increased with the introduction of 
contrast agents and other paramagnetic species (either administered 
or injected), the use of these parameters does not appear to have 
added value to the nonmorphologic data. 

One presentation, “Comparison of Algorithms for the Decompo- 
sition of Multiexponential Relaxation Processes Using SUNRISE,” by 
Staemmler et al. shows nicely the ability of analytical techniques to 
separate multicompartmental relaxation processes. The authors con- 
structed a phantom with two separate tanks that were imaged 
concurrently. The two tanks contained materials that had different 
T2 times. The analytic techniques used readily separated the values 
of the “unknown” T1 and T2 phantom materials. Thus, the authors 
conclude that the limitation in performing tissue characterization is 
not faulty mathematical analysis. Most likely, it is the complexity of 
the tissue under study. In other words, identifying the relaxation 
processes of a tumor is not altogether different from trying to answer 
the question, “What is the density of a Chevrolet?” 


One of the shortcomings of the text is the lack of an invited 
presentation on acceptably normal T1 and T2 values for commonly 
encountered tissues. T1 and T2 values can be measured in a variety 
of ways; however, it would be nice in a text such as this to have a 
paper specifying nominally accurate relaxation values within the realm 
of clinically specified pulse sequences and magnet field sizes. Another 
shortcoming is the substantial limitations in the discussion of the 
relaxation parameter T1; only two presentations address this param- 
eter. 

When the dependence on signal intensity and flow (motion) is 
considered, it does not appear reasonable to exclude discussions of 
the effects of motion on accuracy of T1 and T2 data. This is a well- 
known phenomenon; however, it is not addressed in this text. 

The clinical result section has little new information. The exception 
is a discussion on trace paramagnetic metal contents in the gastroin- 
testinal tract and bone marrow by Ranade et al., which demonstrates 
the surprisingly large variety of paramagnetic species that can affect 
any measured relaxation time. 

In summary, it is not clear to me what specific audience would be 
interested in this collection of papers. Obviously, research is contin- 
uing in the analysis of MR signals with respect to tissue characteriza- 
tion in the hope of identifying pathologic-specific relaxation rates. 
Although the limited number of color plates in the text contribute little 
to the understanding of the concepts presented by the authors, they 
probably added dearly to the cost of the book. 

It is difficult to recommend that this text be purchased for general 
radiologic library usage, and the cost of the book ($149) is not 
insignificant. More appropriately, it should be located in a research 
laboratory. However, persons in this active field of research may use 
a collection of refereed articles in lieu of this text. 


William Pavlicek 
Mayo Clinic 
Rochester, MN 55905 
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Overall Body Fat and Regional Fat 
Distribution in Young Women: 
Quantification with MR Imaging 





Overall body fat and its distribution in different regions are important predispositions 
to known aberrations in lipid and glucose metabolism. The accuracy of MR imaging in 
estimating overall body fatness and regional fat distribution at individual landmarks was 
determined by comparing it with well-accepted measures by deuterium-oxide (D0) 
dilution and bioimpedance analysis. Fourteen normal young women (athletes and control 
subjects) were studied. A total of 308 axial, T1-weighted, spin-echo MR images over a 
specific region in the trunk (21-24 scans per subject) were obtained. Morphometric 
computer image analysis was performed to determine the subcutaneous, internal, and 
total fat volumes in each image. The data were analyzed in two ways: data from all 
slices were summed to assess overall body fatness, and six anatomic landmarks were 
chosen for regional comparisons. MR-determined estimates of overall body fatness 
strongly correlated with total body fat measures by D,_O dilution in both total fat (r = .91) 
and subcutaneous fat (r = .92) determinations. Athletes in both the low- and high- 
intensity training phases had significantly lower values of MR-determined total body 
fatness than did control subjects. Parallel to total body fatness, athletes had significantly 
lower MR-determined ratios of total fat/total volume in four of six individual landmarks 
compared with control subjects. 

Our experience suggests that MR is an accurate method to quantify overall body 
fatness, when compared with D.O dilution and bioimpedance analysis. MR could also 
discriminate regional components of subcutaneous and internal body fat at individual 
landmarks. 
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The quantity and regional distribution of body fat have important physiological 
implications. Numerous methods are used to estimate the overall fatness of the 
body, with errors obtained from these methods ranging from 3% to 15% [7]. In 
addition, these methods are limited by their inability to delineate regional fat 
differences of subcutaneous and internal fat depots. CT has dernonstrated good 
spatial resolution in measuring regional adipose tissue distributions [1-11]; how- 
ever, the radiation exposure incurred by CT precludes widespread use of this 
technique. Better computer image analysis and the noninvasiveness of MR imaging 
make it potentially an ideal tool with which to quantify subcutaneous and internal 
fat stores over large regions of the body [12]. Validation of this possibility against 
well-established standards is necessary. 

The purpose of this investigation was to obtain spin-echo MR images in a group 
of young women athletes and control subjects in order to (1) docurnent errors of 
reproducibility of MR body fat quantification by using repeated measurements in 
subjects; (2) validate MR-determined estimates of relative fatness by comparison 
with measurements from deuterium-oxide (D20) dilution and estimates from 
bioimpedance analysis (BIA); and (3) investigate the feasibility of MR for Quantifying 
regional fat distributions of subcutaneous and internal fat Sees, ae iy 
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Subjects and Methods 


As part of a larger study of estrogen metabolism in women who 
exercise, five oarswomen athletes and four nonathletic control sub- 
jects were studied. A total of 14 MR images were obtained. The five 
female athletes, of mean age (+ SEM) 25.4 + 1.1 yr and mean height 
170.7 + 2.8 cm, were studied during a phase of low-intensity training 
(mean weight, 65.5 + 1.8 kg) and 4 months later, during a phase of 
high-intensity training (mean weight, 62.8 + 2.0 kg). The four female 
control subjects were of mean age 21.8 + 1.2 yr, mean height 162.7 
+ 5.8 cm, and mean weight 60.8 + 3.9 kg. Informed consent was 
obtained from all subjects. 

MR imaging was performed on a 0.6 Clinical Imager (Teslacon, 
Technicare). T1-weighted spin-echo pulse sequences were chosen 
to enhance fat image contrast. Axial T1-weighted (400/20 [TR/TE], 
four excitations, 20-mm slice thickness, 25% gap) spin-echo MR 
images were obtained over a specific volume delineated by upper 
and lower internal landmarks (from the level of the fifth thoracic 
vertebral body, T5, to the initial cleavage of the legs), comprising 21- 
24 axial images per subject. 

In order to measure structure and form, morphometric analysis of 
the subcutaneous and internal fat for each image was performed on 
a Sun (Model 4/260) computer, with semiautomated image segmen- 
tation software previously described [13, 14]. On the basis of an 
image signal intensity selected by the investigator, intensity contours 
create a continuous outline that approximates the border location 
(segmentation). In this study, in order to determine the subcutaneous 
fat borders, an intensity contour was created for the innermost and 
outermost extents of the subcutaneous fat region. The RF homoge- 
neity was adequate for clearly distinguishing fat from the surrounding 
tissues. The subcutaneous fat area was then determined by subtract- 
ing the area of the inner border from the total area in each slice. 
These measurements were made by the same operator for all pa- 
tients. 

Owing to the greater complexity of internal fat distribution, the 
intensity contour value selection for internal fat was facilitated by the 
use of an image intensity histogram (number of pixels for each 
intensity value), determined from the region within the inner border 
of the subcutaneous fat. Different tissue types were represented as 
transition points in the image intensity distribution. Intensity contours 
from the transition points were evaluated by a single operator to 
determine the best representation of the internal fat outlined. The 
area contained within the internal fat region was obtained by integra- 
tion of the histogram for intensity values greater than the selected 
contour value. This process was applied for each image individually 
to account for possible inter- and intrapatient variation in signal 
intensities. Figure 1 shows the results of segmentation of both the 
subcutaneous and the internal fat at landmark L4 in an athlete and a 
control subject. 

Each pixel area, once determined, can be converted to volume by 
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multiplication of the pixel dimensions and the effective slice thickness 
[13]. The effective slice thickness is determined by the actual slice 
thickness plus the gap thickness (half of each gap, above and below). 
Volumes determined in this manner implicitly assume that each slice 
provides an average measure of border location within the slice and 
a linear interpolation between slices. The accuracy of our planar 
measurement of area, and our subsequent determination of volume, 
was validated previously [14]. Our system has a gradient linearity of 
better than 1% in each linear direction over a 25-cm sphere. This 
implies a less than 3% variation in voxel volume over this region. 

The reproducibility of fat morphometric determinations was mea- 
sured in vivo in four subjects. Two determinations per subject in six 
anatomic landmarks on the same image were performed for the 
subcutaneous and internal fat measures. An average coefficient of 
variation was determined for both subcutaneous and internal fat 
measures. 

The volumetric measures determined in each axial slice were the 
following: total volume, subcutaneous fat volume, and internal fat 
volume. Total fat was calculated from the addition of subcutaneous 
fat and internal fat in each slice. The following ratios were then 
determined: total fat to total volume (TF/TV%), subcutaneous fat to 
total volume (SF/TV%), and internal fat to total volume (IF/TV%). In 
addition, the relative proportion of subcutaneous fat to total fat was 
determined (SF/TF%). The corresponding ratio of internal fat to total 
fat was thus equal to 100 — (SF/TF%). 

The data from each subject were analyzed in two ways. For the 
first analysis, six specific anatomic slices were chosen for regional 
comparisons. For the second analysis, data from all slices were 
summed over the total volume to determine total body fat indices. 
The six individual anatomic landmarks chosen for each subject for 
regional comparisons of TF/TV% and SF/TF% corresponded to the 
vertebral bodies of thoracic five (T5), lumbar one (L1), lumbar four 
(L4), sacral one (S1), sacral four (S4), and femoral fat at the initial 
cleavage of the legs (FF). 

An index of overall relative fatness was determined in each subject 
by summing all individual slices, from the upper landmark to the lower 
landmark, to obtain a total fat/total volume ratio (TF/TV%otai). The 
respective subcutaneous (SF/TV%tta) and internal fat (IF/TV%totai) 
components were similarly summed over this volume. To measure 
the relative proportions of subcutaneous fat to overall body fat, we 
also determined the subcutaneous fat/total fat ratio over this volume 
(SF/TF% tai). 

Within 7 days of the MR study, subjects underwent D20 dilution 
and BIA to quantify total body water (TBW), a measure of lean body 
mass. In order to estimate relative fatness, fractional water (TBW/ 
body wt%) values, which are inversely proportional to the percentage 
of body fat [15], were determined. D20 was determined by measuring 
the concentration of excess deuterium atoms in plasma water 3 hr 
after the oral administration of 50 g of 99.8 atom% (Sigma Chemical 
Co., St. Louis, MO). D2O concentration was measured by infrared 


Fig. 1.—A and B, Axial scans at level 
of L4 in an athlete (A) and a control 
subject (B) show intensity contour out- 
lines of subcutaneous and internal fat. 
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spectrophotometry (Foxboro Co., South Norwalk, CT); TBW was 
calculated by the isotope dilution principle [15, 16] (coefficient of 
variation of DỌ measurements was 4.0%). Total body resistivity 
(ohms) was measured by BIA with a four-terminal impedance analyzer 
(RJL Systems, Detroit, Ml) for each subject after an overnight fast. 
The analyzer determined the voltage drop of an excitation current of 
800-zA alternating current at 50 kHz from the wrist to the ankle. 
TBW was estimated from ohms, height, weight, and age by using 
different equations for oarswomen (Snow RC, unpublished data) and 
contro! subjects {17}. 

Statistical analysis was done with the Stat-view 512+ software 
(BrainPower Inc, Calabasas, CA) [18]. Repeated measurements of 
the five athletic females conducted at two different phases of the 
training year were included in the regression analyses of TBW/wt% 
on MR values as independent observations. Statistical support for 
the treatment of these repeated measurements as independent ob- 
servations was obtained as follows. We used a repeated-measure- 
ments analysis of variance (ANOVA) model (BMDP3V) [19] and found 
the subject error component to be zero, signifying that the intrasub- 
ject variability was greater than or equal to the intersubject variability. 
As further support for the independence of the repeated measures 
among athletes, the (observed-predicted) residuals for phase | and 
phase Il measures on individual athletes were not correlated (r = 
—.15, p = .81). In addition, simple linear regressions of D2O-deter- 
mined TBW/body wt% on MR-determined total fat at individual 
landmarks were performed. To determine if differences in these 
individual correlations were statistically significant, we did a single- 
factor ANOVA, and multiple pairwise comparisons were done with 
the Student-Newman-Kuels test [20]. 
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Results 
Errors of Reproducibility 


Reproducibility of the morphometric measures was 
achieved by two determinations of both the subcutaneous 
and internal fat for each subject at six landmarks in four 
subjects, using the same image. The average coefficient of 
variation was 3% for subcutaneous fat measures and 9% for 
internal fat measures. Reproducibility of the image acquisition 
was not determined. 


MR Findings Compared with Measures of Total Body Water 


To validate the application of MR imaging in estimating 
overall relative fatness, we compared the MR findings with 
the D:O dilution measurements of fractional water (TBW/ 
body wt%), an index inversely proportional to body fat, as 
previously described (Fig. 2). Significant correlations were 
seen between the DO dilution TBW/body wt% values and 
the MR-determined indices of TF/TV%tcta (r = .91, p < .0001), 
as well as the corresponding subcutaneous fat cornponent, 
SQ/TV ota (r = .92, p < .0001). The corresponding internal 
fat measures of IF/TV% ta also correlated with D-O dilution 
TBW/body wt% (r = .72, p < .004). MR findings were then 
compared with BIA, an indirect measure of fractional body 
water: significant correlations were seen between the BIA- 
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Fig. 2.—-A-C, Correlations of D0 fractional water measurements to MR- 


determined estimates of relative fatness in (A) total fat (TF), (8) subcuta- 
neous fat (SF), and (C) internal fat (IF). TBW = total body water, TV = total 
volume. 


determined TBW/body wt% and the MR-determined TF/ 
TVo (r = .92, p < .0001). 

in the endocrine literature, it is of interest to observe 
whether one landmark correlates highly with indices of overall 
body fatness. To determine which individual landmarks were 
correlated with the D20 dilution measurements, we performed 
simple linear regressions of D2O-determined TBW/body wt% 
on MR-determined TF/TV% at each landmark. in decreasing 
order, the correlations of the individual landmark TF/TV% 
with DO dilution values were FF (r = .91, p < .0001), S1 
(r = .87, p < .0001), L1 (r = .80, p < .0006), L4 (r = .78, p < 
.001), T5 (r = .64, p < .02), and S4 {r = .57, p < .05). Although 
the use of individual landmarks appeared to correlate well 
with D20 dilution measurements, the small sample size pre- 
cluded definition of statistically significant intergroup differ- 
ences at individual landmarks. 


MR Fat Values Across Subject Groups 


Values of TF/TV% va (Mean + SEM) were significantly 
lower in athletes during low-intensity training phase | (35 + 
0.8%) and high-intensity training phase Il (33 + 1.7%), as 
compared with control subjects (48 + 1.5%). Similarly, values 
of SQ/TV% ra were significantly lower in athletes during 
phase | (28 + 0.7%) and phase Il (26 + 1.3%), as compared 
with control subjects (39 + 1.5%; Table 1). 

Interestingly, when comparing the summed subcutaneous 
fat to the total fat over all scans (SQ/TF%i1a), significant 
differences were not seen between athletes in either phase 
as compared with control subjects. All group means were 
approximately 80%. 


Regional Fat Differences 


Differences were seen in the total fat to total volume (TF/ 
TV%) at individual landmarks (Fig. 3A). In both athletes and 
control subjects, the highest values of TF/TV% were seen at 
the level of the femoral fat at the initial cleavage of the legs. 
The lowest values were seen at the level of L1. 

Similar to the summed total fat to total volume over all 
scans (TF/TV%ota), regional differences in TF/TV% measures 
between athletes at both training intervals were significantly 
less (p < .01) at all landmarks except two (S1 and S4), as 
compared with control subjects (Fig. 3A). Similar to the 
summed subcutaneous fat to total fat over all scans (SF/ 
TF% rota), Values of SF/TF% at individual landmarks were, in 


TABLE 1: Mean (SEM) Body Fat Values in Athletes and Control 
Subjects 





Control 
Body Fat Athletes | Athletes |l Subjects 
TET Venta 35 (0.8) 33 (1 t) 48 (1 5) 
p< .0001 p < ,0003 
SF /TV orotar 28 (0.7) 26 (1.3) 39 (1.5) 
p < .0002 p < .0003 
IF /TV orsta 7 (0.5) 7 (0.4) 9 (0.3) 
p < .0002 p< .008 
SF /TV rota 79 (1.2) 79 (0.6) 81 (0.8) 
p< 26 p< 05 
IF / TF: t0) 21 (1.2) 21 (1.4) 19 (0.8) 
p< .26 p< .05 





Note.—TF = total fat, TV = total volume, SF = subcutaneous fat, IF = 
internal fat. 


general, not significantly different between subject groups 
(Fig. 3B). 


Discussion 


In this investigation of the ability of MR imaging to quantify 
body fat in young women over a specific volume of the trunk, 
there were three major findings. (1) MR imaging provided a 
reproducible means of measuring total and regional body fat, 
with subcutaneous stores measured with higher reproducibil- 
ity than internal fat stores. MR determinations of relative body 
fatness were strongly correlated with total body fat as mea- 
sured by D.O dilution methods. (2) Regional differences in fat 
measures at specific landmarks were determined. The land- 
mark with the highest total fat/total volume was the femoral 
fat at the initial cleavage of the legs. (3) Athletes and nonath- 
letes did not differ significantly in either the ratio of subcuta- 
neous fat to total fat at individual landmarks or over the entire 
volume. 


Total Body Fat Measures 


Total body fat as a percentage of body weight is associated 
with changes in estrogen metabolism and ovarian function in 
women. Low relative fatness is associated with increased 
estrogen 2-hydroxylase oxidation in some women [21], and 
also with anovulation [22]. Skinfold measures are one of the 
more commonly used measures; however, much evidence 
exists that they do not necessarily correlate with total body 
fatness [23]. DO dilution provides one of the best estimates 
of overall relative leanness, with fractional body water in- 
versely correlated with the percentage of body fat. BIA pro- 
vides an indirect measurement of total body water and is 
easily applied in the field. In this investigation, MR-determined 
total fat and subcutaneous fat measurements were strongly 
correlated with both D2O dilution measurements and BIA 
measures. The similar, strong correlations of total fat meas- 
ures and subcutaneous fat measurements to D2O dilution 
measurements is not surprising, because subcutaneous fat 
accounted for 80% of the total fat. In a study of eight women, 
Sjostrom et al. [4] found comparable correlations of body fat 
determined by CT and tritium dilution methods (r = .93). 
General use of CT, however, is limited by the radiation ex- 
posure [4]. Staten et al. [12] showed that the body fat 
determined by MR imaging in six patients at three specific 
landmarks was highly correlated with the body fat determined 
by hydrostatic weighing. Our study extended these results 
by correlating MR findings with more accurate measures, 
such as D2O dilution, and by imaging over a larger body 
volume. 


Regional Body Fat Measures 


The literature increasingly supports the importance of quan- 
tifying regional differences in body fat distribution, as well as 
delineating subcutaneous and internal fat depots. Obesity is 
well established as a risk factor in coronary heart disease 
among men, and recent literature supports this association 
among women [24]. Furthermore, it is known to be the 
regional distribution of body fat that determines risk [25-29]. 
The preponderance of body fat deposition above the umbili- 


cus (android obesity) is more positively associated with dia- 
betes, gout, hyperlipidemia, hypertension, and atherosclero- 
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Fig. 3.—A and B, Regional fat differences between subject groups at individual landmarks (mean with standard error bars) in (A) total fat/total volume 


(TF/TV%) and (B) subcutaneous fat/total fat (SF/TF%). 


sis than its preponderance in the lower abdomen and femoral 
region (gynoid obesity) [25]. Thus, upper-body fat distribution 
in android obesity is a better predictor of cardiovascular 
disease than is the overall degree of obesity in both men [28] 
and women [29]. Conventional methods of total body fat 
quantification cannot discriminate regional deposition of fat. 
The regional distribution of subcutaneous and internal fat 
stores have been shown in CT studies; however, limited 
regions of the body were studied [2-11], and regional values 
could not be validated. In this investigation, after documenting 
the validity of use of MR imaging to quantify overall body 
fatness, we explored the ability of MR imaging to noninva- 
sively quantify regional differences in total body fat deposition 
and to delineate between subcutaneous and internal fat 
stores at specific landmarks. Like CT, these regional differ- 
ences in body fat cannot be validated by conventional mea- 
sures; however, our results at regional landmarks were con- 
sistent with overall body fatness. 

Regional differences in the total fat measurements at indi- 
vidual landmarks paralleled the trends seen in overall mea- 
surements of total fat: athletes in general had significantly 
lower values than did control subjects. In our study, the 
landmark with the highest ratio of total fat to total volume 
was the femoral fat at the initial cleavage of the legs (FF). In 
a report of body fat determinations by CT in eight men, Borkan 
et al. [7] demonstrated that the highest percentage of body 
fat to total area was at L4; however, the scans were limited 
to the abdomen. Our results in young women contrast with 
the findings of Borkan et al. in men, supporting the differences 
in fat distribution between men and women. In addition, our 
study shows that the single landmark having the highest 
correlation with D20 dilution measurements was the femoral 
fat region (r = .91); however, caution must be used because 
of the small sample size. In a report measuring body fat in 
eight females by using CT, Kvist et al. [1] determined that 
body fat measured at L4 showed a higher correlation than 
any other single scan with the CT-determined total fat volume, 
comprising 22 scans. In Kvist’s study, however, the body fat 
at individual landmarks was not correlated with such inde- 
pendent measurements as DO dilution. Further study with 
additional subjects is needed to determine more definitively if 
one scan, or selective scans, could be used as an accurate 
index of body fatness. 


Recent literature has demonstrated interesting differences 
in regional variations in subcutaneous fat and internal fat 
stores relative to the total fat in specific diseases. internal fat 
stores were increased at the level of the umbilicus in patients 
with Cushing disease [2, 3], whereas the subcutaneous 
stores were reduced in patients with anorexia compared with 
control subjects [3]. In this investigation, we studied young, 
healthy women who differed in their degree of fitness. Neither 
total nor regional ratios of subcutaneous fat to total fat differed 
significantly between athletes and contro! subjects. This im- 
plies that the decreased total fat observed in the athletic 
women as compared with control subjects was a result of 
decreases in equal proportions of subcutaneous and internal 
fat stores. 

Improvements in this method should be directed toward 
the measurement of the internal fat. Like CT, internal fat 
measures with MR imaging are hampered by the degree of 
partial volume effects. Improvements in the internal fat mea- 
sures can thus be made by using thinner slices. Unlike CT, 
MR imaging is more sensitive to bowel and respiratory motion. 
These can be reduced either by increasing the number of 
signal averages or by using rapid scanning techniques. Other 
factors, such as B1 and gradient inhomogeneities, will also 
lead both to geometric and signal-intensity variations across 
the image plane. Proper gradient and RF tuning should mini- 
mize these errors. In this study, the reproducibility of our 
internal fat measure was found to be 9%. It is important to 
note that the internal fat encompassed approximately 20% of 
the total fat; thus, this error had a small effect on the total 
body fat determination. Although the reproducibility of our 
image acquisition technique could not be determined given 
the design of our study, our results are comparabie with those 
reported by another MR study of body fat determination, 
which cited the reproducibility of both image acquisition and 
morphometric analysis to be less than 10% for internal fat 
and less than 5% for subcutaneous fat [12]. 


Summary 


This study demonstrates that MR imaging is accurate for 
the noninvasive measurement of body fat in a population of 
young women. After finding strong correlations between MR 
imaging and D.O dilution measurements of overall body fat- 
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ness, MR was used to determine regional fat differences. 
Unlike conventional measures that are limited to measuring 
total body fatness, MR imaging can specifically measure 
regional fat differences in subcutaneous and internal fat stores 
without ionizing radiation. From a clinical point of view, the 
regional distribution of fat is more predictive of cardiovascular 
disease and other metabolic complications of obesity than is 
overall fatness [25-29]. Thus, the ability of MR imaging to 
quantify regional fat distribution noninvasively gives it the 
potential to screen for predisposition to these diseases. Al- 
though this method was studied in a population of normal 
young women, the extension of this method in a more diverse 
population should be possible. 

Other areas of research in body fat demonstrate correla- 
tions between morphology, hormonal sensitivity, and meta- 
bolic behavior of adipocytes from different regions, as well as 
the metabolic complications of obesity [26, 27, 30-33]. For 
example, studies of fat cells from different regions reveal that 
subcutaneous abdominal fat cells are larger and have higher 
rates of lipolysis in android obese women than in gynoid 
obese women, potentially explaining observed metabolic ab- 
errations [27]. Future applications of MR in lipid physiology 
may be the use of MR-localized spectroscopy to determine 
the heterogeneity of the metabolic behavior of body fat in 
different regions in vivo. Combined with detailed regional 
morphometric analysis, these techniques should allow the 
use of MR technology to address fundamental issues of lipid 
physiology in humans. 
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Unidirectional Joint 
Communications in Wrist 
Arthrography: An Evaluation of 250 
Cases 





Although arthrographically demonstrable communications between various compart- 
ments of the wrist occur in older persons without symptoms, similar communications in 
younger persons may indicate clinically significant posttraumatic ligament tears and 
other pathologic processes. However, detection of communications varies depending 
on the arthrographic technique used. It has been claimed that if tripie-compartment 
arthrography is not used in all patients, clinically significant unidirectional ligament tears 
may be overlooked. We determined the frequency and distribution of unidirectional 
intercompartmental communications, using a modification of techniques described in 
the literature. Separate injections of contrast material were made in sequence into the 
midcarpal, distal radioulnar, and radiocarpal joints of 250 consecutive patients. We 
found 38 unidirectional communications (17 lunotriquetral, nine scapholunate, three 
radial capsular, one ulnar capsular, six combined sites, and two indeterminate sites} 
between the midcarpal and radiocarpal joints. Nine unidirectional communications be- 
tween the radiocarpal and distal radiouinar joints were found. 

Comparison of these results with the frequency and direction of unidirectional com- 
munications reported by others suggests that demonstration of communications de- 
pends on specific technical factors, such as which joint is injected first, the amount of 
contrast material used, and the delay between injections. This dependence on technical 
factors raises questions about the value of routine three-compartment wrist arthrogra- 


phy. 
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The primary functions of wrist arthrography are to assess directly the integrity 
of intrasynovial intercarpal ligaments and the triangular fibrocartilage complex and 
to assess indirectly the status of intracapsular extrasynovial ligaments. At least 
three reports [1-3] have suggested that it is necessary to inject the midcarpal joint 
(MCJ), radiocarpal joint (RCJ), and distal radioulnar joint (DRUJ) separately to be 
certain that all abnormal communications are identified. The contention of these 
investigators has been that failure to inject all three joints may cause numerous 
ligament injuries to be overlooked. As ligament injuries can result in significant wrist 
instability, documentation of these injuries is important for surgical management. 

Because the duplication of specific results depends on exact replication of 
examination technique [4], we were concerned that reported results may not apply 
to our patients. We therefore studied the frequency and distribution of interjoint 
communications using our own modification of triple-joint wrist arthrography, in 
which the midcarpal joint is injected first. 


Materials and Methods 


A retrospective study of 250 consecutive three-compartment wrist arthrograms was done. 
The patients had been referred for evaluation of wrist pain or instability between July 1987 
and November 1989. Of these 250 patients, 119 were female and 131 male, ranging in age 
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from 12 to 74 years, with a mean age of 26 years and a median age 
of 30 years. 

After obtaining plain radiographs of the symptomatic wrist, a 
bilateral instability series was performed under fluoroscopic guidance. 
This series included posteroanterior views in neutral, radial deviation, 
and ulnar deviation; oblique views; anteroposterior closed-fist views 
in neutral, radial deviation, and ulnar deviation; lateral views in neutral, 
radial deviation, ulnar deviation, palmar flexion, and dorsiflexion; off- 
lateral pisotriquetral views; lateral volar and dorsal stress views; and 
posteroanterior radial and ulnar stress views. 

After the instability series, three-compartment arthrography of the 
symptomatic wrist was performed. The injection sequence was MCJ, 
DRUJ, RCJ. In those patients in whom a communication with the 
RCJ was not demonstrated by MCJ injection, DRUJ injection was 
performed immediately. In those patients with filling of the RCJ from 
the MCJ injection, the DRUJ injection was delayed for at least 30 
min. Finally, the RCJ was injected approximately 1 hr after the DRUJ 
injection. Each joint was gradually but fully distended with Conray-43 
(Mailinckrodt, Inc., St Louis, MO) until the patient had mild discomfort, 
with fluoroscopic visualization throughout the injection and frequent 
spot filming. The actual volume of contrast agent used varied consid- 
erably from less than 1 mi in the DRUJ of some patients to more than 
5 ml in the MCJ of others. in a few cases, the contrast agent was 
diluted slightly with lidocaine. The exact site of needle puncture varied 
and was not recorded. In each case a 23- or 25-gauge needle was 
inserted into the joint as far from the site of the patient's major 
symptoms as possible. 

After each joint was filled with contrast material, the wrist was 
observed under fluoroscopy through a range of motion, and spot 
films were obtained in neutral position, ulnar deviation, radial deviation 
(in both prone and supine projections), and in neutral position in the 
lateral projection. After DRUJ injection, multiple oblique views of the 
triangular fibrocartilage were obtained under fluoroscopic control. 
After each injection and fluoroscopic sequence, standard four-view 
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radiographs (posteroanterior, ulnar deviation, lateral, and oblique 
views) were obtained with an overhead X-ray tube. 

The sites, frequency, and direction of all intercompartmental com- 
munications were recorded. The arthrograms were obtained and 
reported under the direction of six different musculoskeletal radiolo- 
gists, with many of the injections made by residents. All cases were 
reviewed by one of the authors, and the findings recorded represent 
a consensus between the radiologist in charge of the case and one 
of the authors. Sites of communication between the RCJ and MCJ 
were classified as either scapholunate, lunotriquetral, radial capsular, 
or ulnar capsular. The last two classifications (radial capsular and 
ulnar capsular) refer to all peripheral communications between the 
MCJ and RCJ on the radial and ulnar sides of the joint, respectively, 
and include defects in the scaphotrapezial, triquetrohamate, or piso- 
triquetrohamate attachments. All communications between the RCJ 
and DRUJ were recorded as defects of the triangular fibrocartilage. 


Results 


Seventy-six patients (30%) had a total of 123 communica- 
tions between the MCJ and RCJ (Table 1), and 174 patients 
(70%) had no evidence of communication between these two 
joints. Of the 76 patients with communication between MCJ 
and RCJ, 38 (50%) had communications that were unidirec- 
tional (Tables 1 and 2). In 35 (92%) of the 38 patients with 
unidirectional communications, the contrast agent flowed 
from MCJ to RCJ (Fig. 1). In two (5%) of the 38 patients, 
contrast agent flowed from RCJ to MCJ via capsular defects, 
one ulnar and one radial. In one (3%) of the 38 patients, a tiny 
amount of contrast medium was found in the MCJ after RCJ 
injection, when no communication had been shown by MCJ 
injection. In this patient, the site of the defect through which 


TABLE 1: Number (%) of Patients Studied for Midcarpal to Radiocarpal Joint Communications 


EE cme CSR IE ET EP TS A EL OT TI ODEO CE PTE LE IT TCE TRE TE BNE SE TEL RTL A E E, 


Patients with 





pee Site of Communication 
Age (years) _ Communications — O atignts 
Total One Way LT SL UC RC 

0-20 1 (5) 1 (5) 1 (5) 0 (0) 0 (0) 1 (5) 19 
21-30 23 (23) 14 (14) 14(14) 13 (13) 4 (4) 4 (4) 100 
31-40 25 (34) 12 (16) 19 (26) 14 (19) 4 (5) 4 (5) 74 
41-50 16 (42) 7 (18) 15 (39) 6 (16) 2 (5) 3 (8) 38 
51-60 6 (50) 3 (25) 4 (33) 4 (33) 1 (8) 0 (0) 12 
61-70 4 (80) 1 (20) 4 (80) 3 (60) 1 (20) 1 (20) 5 
>70 1 (50) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 2 
Total 76 (30) 38 (15) 57 (23) 41 (16) 12 (5) 13 (5) 250 


Note.—LT = lunotriquetral, SL = scapholunate, UC = ulnar capsular, RC = radial capsular. 


TABLE 2: Direction of Unidirectional Communications Between the Radiocarpal and Midcarpal 


Joints 


Site of Communication 


Direction eh ee aati a eee ee teecn eens.” OE 
LT SL RC- UC LT and SL LT and RC RC and UC Unknown 
RCJ to MCJ 0 0 1 1 0 0 0 1 3 
MCJ to RCJ 17 9 2 0 4 1 1 1 35 
Total 17 9 3 + 4 ooo 1 4 ae 38 


Aaa SR A LN INI RNR EOE ET TI ESTEE TT PTE REI NEE EET ELE ONLI LID TOE BEER ET TE TE REE ETD TOD 


Note.——LT = lunotriquetral, SL = scapholunate, RC = radial capsular, UC = ulnar capsular, RCJ = radiocarpal 


joint, MCJ = midcarpal joint. 
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Fig. 1.—47-year-old woman with unidirec- 
tional tear of lunotriquetral ligament. 

A, Midcarpal joint arthrogram shows contrast 
medium flowing from midcarpal joint to radiocar- 
pal joint (arrowhead), between lunate bone and 
triquetral bone (arrow). 

B, Arthrogram after radiocarpal joint injection 
does not show communication. 


A 


the contrast agent had flowed could not be found. No sca- 
pholunate or lunotriquetral defects that allowed unidirectional 
flow of contrast agent from RCJ to MCJ were shown. 

Of the 35 patients with unidirectional communications al- 
lowing flow from MCJ to RCJ, 17 (49%) had isolated lunotri- 
quetral defects, nine (26%) had isolated scapholunate defects, 
and two (6%) had isolated radial capsular defects. In one (3%) 
of these 35 patients, the site of contrast agent flow could not 
be determined. In the remaining six (17%) of the 35, more 
than one defect was shown. Four of these six had both 
scapholunate and lunotriquetral defects, one had radial cap- 
sular and lunotriquetral defects, and one had radial capsular 
and ulnar capsular defects. No isolated ulnar capsular defects 
were found in these 35 patients. 

In 49 patients, communications were shown between the 
DRUJ and RCJ via defects in the triangular fibrocartilage 
(Table 3). Of these 49 communications, nine (18%) were 
unidirectional (Fig. 2). Seven of the nine unidirectional trian- 
gular fibrocartilage defects allowed contrast agent to flow 
from RCJ to DRUJ and two allowed flow from DRUJ to RCJ. 

In 11 patients, all three compartments were filled by a single 
injection of contrast agent. This three-compartment commu- 
nication (carpus communis) was not always demonstrated by 
all three injections. In fact, only two of these 11 patients had 
three compartments filled by all three injections. In four pa- 
tients, both the RCJ and MCJ injections filled all three com- 
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partments, in three patients only the MCJ injection filled all 
compartments, and in two patients only the RCJ injection 
filled all three compartments. 

Fifty capsular defects were recorded in 45 patients; 25 
patients had defects on the radial side of the carpus, and 25 
had defects on the ulnar side. Twenty of these 45 patients 
had complete capsular defects, which allowed contrast ma- 
terial to flow from one joint to another, and 25 had incomplete 
defects. Of the 20 patients with complete defects, seven had 
flow of contrast agent in one direction only. Five of these 
seven unidirectional defects were in the radial capsule, and 
two were in the ulnar capsule. 

Although the overall prevalence of communications be- 
tween the RCJ and MCJ increased with age, unidirectional 
communications did not correlate with age (Table 1). Similarly 
there was no correlation between patients’ age and unidirec- 
tional communications between the DRUJ and the RCJ 
(Table 3). 


Discussion 


Ligament and/or cartilage defects, which allow contrast 
material to flow from one compartment to another, have been 
shown to occur in asymptomatic wrists [5]. However, it is 
generally accepted that the presence of such defects in 


TABLE 3: Number (%) of Patients Studied for Radiocarpal to Distal Radioulnar Joint 


Communications 


SS a SS a SSS SS SS SSS RPS MPSA PSS ee i 
Patients with Communications 


Age (years) Total Patients 
Two Way One Way Total 

0-20 4 (21) 1 (5) 5 (26) 19 
21-30 13 (13) 3 6 (16) 100 
31-40 17 (23) 3 20 (27) 74 
41-50 5 (13) 1 6 (16) 38 
51-60 0 (0) 1 (8) 12 
61-70 1 (20) 0 a 5 
>70 O (0) 0 O (0) 2 
Total 40 (16) 9 49 (20) 250 
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symptomatic wrists documents the presence of torn liga- 
ments [1-3, 5-12]. Therefore, arthrography is used to assess 
ligament tears and plan reparative surgery. Previous reports 
of unidirectional communications [1-3] have suggested that 
significant ligament defects may be overlooked if all three 
wrist compartments are not injected routinely during arthrog- 
raphy. 

The results of our study show that three-compartment wrist 
arthrography consistently shows unidirectional intercompart- 
mental communications. However, the frequency, distribution, 
and direction of contrast agent flow in our cases (Tables 
1-3) are different from those of other authors [1-3, 5-11, 13, 
14]. This variation could be due to differences in populations 
of patients, differences in examination technique and interpre- 
tation, or a combination of these two. 

We cannot rule out differences in the patients and the 
interpretive criteria as important variables, because these are 
incompletely described in available reports. Technical differ- 
ences between reported studies include: needle size, tech- 
nique and site of needle placement, type and volume of 
contrast agent used, differing methods of recording the ex- 
amination, time between injections, and interpretive criteria. 
Much of this information is not clearly stated by most authors, 
but some aspects can be evaluated. Those authors [1-3, 5- 
9, 11, 13] who reported needle size used 23- or 25-gauge 
needles, similar to our technique. Needle placement, when 
reported [1-3, 5-8, 11, 13], generally differed from our ap- 
proach. Concentration of contrast agents has varied from 
30% to 60% in those studies in which this information was 
supplied [1-3, 6-9, 11, 13, 14]. Some investigators [2, 8, 9] 
used digital subtraction techniques, which have been claimed 
to be more sensitive [8, 9] than the conventional radiographs 
that we used. Not all investigators fully distend the joint as 
we do [1, 3]. Many inject the RCJ first [1-3, 11], whereas we 
injected the MCJ first. 

It is significant that the majority of ligament defects with 
unidirectional flow detected in our patients allowed flow in the 
same direction, from MCJ to RCJ. This appears to corrobo- 
rate the findings of other investigators [1, 3, 13]. However, 
flow in the opposite direction was shown by one investigator 
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Fig. 2.—23-year-old man with unidirectional 
triangular fibrocartilage tear. 

A, Distal radioulnar joint arthrogram does not 
show any communication between distal radioul- 
nar joint and radiocarpal joint. 

B, Arthrogram after radiocarpal joint injection 
reveals a communication between two joints, 
confirming a tear in triangular fibrocartilage. 


who injected the RCJ first [11]. In that study and in our own, 
the joints were fully distended and contrast agent flowed 
away from the first site of injection. Those investigators [1- 
3] who have shown unidirectional defects with contrast agent 
flowing in either direction do not indicate that they distended 
the joint fully. This incomplete distension of a compartment 
may result in failure to demonstrate all defects. Another 
possible reason for the variation between reported results is 
difference in time between injections. 

The strengths of our study are that it involved a large 
number of patients in whom three-compartment arthrography 
was performed, with the midcarpal joint injected first. The 
arthrograms show the full range of locations of interjoint 
communications with few (two in 38) indeterminate sites of 
unidirectional communication. Although the examinations 
were performed by several different radiologists, the tech- 
nique and interpretive criteria were standardized and con- 
stant. On the other hand, weaknesses include a lack of 
surgical findings to correlate with the radiologic findings and 
failure to study individual technical variables directly. 

Our results indicate that three-compartment wrist arthrog- 
raphy can show unidirectional ligament tears. However, when 
correlated with prior studies, our results suggest that visual- 
ization of unicompartmental communications is at least par- 
tially related to technique. Small intercompartmental commu- 
nications may be overlooked if the joint compartments are 
not fully distended with contrast agent and the wrist is not 
exercised. Failure to show intercompartmental communica- 
tions between joints until after exercise has been reported 
[12]. We have shown intrinsic unidirectional ligament defects 
(i.e., scapholunate and lunotriquetral) after the first injection 
only. We have shown extrinsic unidirectional defects (i.e. 
radial capsular and ulnar capsular) infrequently (Seven occur- 
rences in 250 cases), and these do not often allow flow 
toward the first joint injected (two occurrences). Unidirectional 
defects of the triangular fibrocartilage also were uncommon 
in our series (nine occurrences in 250 cases), but the majority 
of these (seven of nine) flowed toward the joint first injected 
(DRUJ). Although these triangular fibrocartilage defects may 
indeed represent the “flap-valve” tears suggested by others 
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[2], our data do not support the existence of flap-valve tears 
of the scapholunate or lunotriquetral ligaments. 

We conclude that although unidirectional communications 
between the wrist joints can be shown reliably by three-joint 
arthrography, the direction of these communications is as 
likely to be a function of examination technique as one of the 
patient's abnormality. Without further studies on the effect of 
different technical parameters, each center is encouraged to 
develop and validate a standardized technique with its own 
group of patients. 

We do not believe that it is necessary to inject all three joint 
compartments in all patients. If the purpose of an arthrogram 
is to detect defects in the scapholunate and lunotriquetral 
ligaments, our results suggest that MCJ injection alone should 
be used. If complete tears of the triangular fibrocartilage are 
the only concern, the majority will be shown by RCJ injection 
only (in our series two of 49 tears would have been missed 
in 250 patients). However, in order to show all defects arthro- 
graphically in all patients, all three wrist-joint compartments 
must be fully distended with contrast agent. 
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Medicine in American Art 
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Blue Medicine 


Stefan C. Schatzki' 


George Catlin’s paintings were the first in-depth pictorial record of 
the American Plains Indians. His works record a part of America’s 
heritage that was lost later, during the westward migration of Amer- 
ican settlers. 

Catlin was born in Wilkes Barre, PA, on July 26, 1796. He lived on 
a farm as a youth and first became interested in American Indians as 
a child, perhaps influenced by the story of his mother’s capture by 
Indians during the Wyoming Massacre of 1778. At the age of 21, 
Catlin went to Connecticut to study law. After working as a lawyer 
for a few years in rural Pennsylvania, he moved in 1823 to Philadel- 
phia, where he “commenced the art of painting.” Without any formal 
training and with a great deal of determination and self-assurance— 
which would serve him well on his later adventures in the West— 
Catlin began a career as a painter. He was successful quickly and by 
1824 was elected to the Pennsylvania Academy of Fine Arts and 
soon had orders for portraits from many prominent Americans. After 
a delegation of American Indians stopped in Philadelphia, Catlin 
became dedicated to commemorating “the history and customs of 
such a people” and indicated that “nothing shall prevent me from 
visiting their country and of becoming their historian.” 

Unable to travel immediately, Catlin first painted the Iroquois of 
New York. By 1830, he was ready to go west. During the next 6 
years, Catlin traveled throughout the West, painting many Indian 
tribes, from the Blackfoot and Crow of North Dakota to the Coman- 
ches and Cherokees of Oklahoma. During these years, Catlin made 
many trips into the wilderness west of the Mississippi to catalog the 
Indians and their customs. Working without any formal training, Catlin 
was not an accomplished landscape painter. Despite these limita- 
tions, his many paintings done during these years represent the 
primary pictorial record of the customs of these tribes. His hundreds 
of portraits of American Indians from more than 50 tribes remain an 
important part of American history. 

In 1835, while at Fort Snelling, near what is today St. Paul, MN, 
Catlin painted a portrait of Blue Medicine, a Sioux medicine man. 
Catlin recognized that the medicine men were conjurers as well as 
healers and depicted Blue Medicine with the artifacts of his trade, 
including a medicine or mystery drum, rattle, and looking glass. This 
striking portrait is of one of several medicine men of the Sioux, 
Blackfoot, Mandan, and lowa tribes that were painted by Catlin, some 
of which depicted the medicine man performing his mysterious profes- 
sion. 

Having completed his visits to the western tribes, in 1837 Catlin 
began the second part of his unusual career. For the next 35 years, 





George Catlin (1796-1872). Blue Medicine, A Medicine Man of the Ting-ta- 
to-ah Band, 1835. Oil on canvas, 29 x 24 in. National Museum of American 
Art, Smithsonian Institution, Washington, DC; gift of Mrs. Joseph Harrison, 
Jr. 


Catlin was a showman, presenting the remarkable heritage of the 
American Indians to the people of America and Europe. The years of 
Catlin's “Indian Gallery” performances will be discussed with another 
portrait in a future article in this series. 

George Catlin’s paintings remain an important part of America’s 
heritage and a vital link to the American Indian culture. 
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Safety-Belt Injuries in Children 
with Lap-Belt Ecchymosis: CT 
Findings in 61 Patients 





We have noted a complex of common injuries in children wearing lap-styled safety 
belts during vehicular accidents. Sixty-one children who were restrained passengers in 
motor vehicle crashes had linear ecchymosis across the abdomen and had CT for 
abdominal trauma. Thirteen children (21%) had a lumbar spine injury, and 14 children 
(23%) injured a hollow viscus (bowel, 12; bladder, two); five children (8%) had both 
spine and hollow viscus injuries. Abnormal findings on abdominal CT were recognized 
retrospectively in three of 13 children with lumbar spinal injury. Lateral radiographs of 
the spine showed lumbar spinal injury in all cases. Free intraperitoneal air was noted in 
only three (25%) of 12 children with bowel injury. In eight of those children, CT showed 
large, unexplained collections of peritoneal fluid. 

The presence of lap-belt ecchymosis should prompt a careful search for spine, bowel, 
and bladder injury. Recognition of the limitations of CT diagnosis of these injuries is 
important to reduce errors in interpretation. 
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We have observed an increasing frequency of injury in children with linear 
abdominal or flank ecchymosis caused by a lap safety belt. These injuries, which 
primarily involve the lumbar spine and hollow viscera, are difficult to identify on CT 
scans. As a result, this study was undertaken to delineate further the pattern of 
injury in this population and to identify associated pitfalls in their CT diagnosis. 


Materials and Methods 


Between January 1983 and December 1990, 965 children who sustained blunt trauma and 
who were suspected Clinically of having injury to intraabdominal organs had abdominal CT at 
our institution. Two-hundred seventy of these children were passengers in motor vehicle 
crashes; of these, 61 (23%) were secured by an adult lap safety belt that had caused linear 
abdominal or flank ecchymosis. This was designated as /ap-belt ecchymosis (Fig. 1). These 
61 children form the basis for this report. 

Additional indications for CT in these children included abdominal tenderness (49), disten- 
sion (19), absent bowel sounds (17), hematuria (16), neurologic obtundation (14), low 
hematocrit (nine), or vomiting (nine). 

Demographic data, indications for CT, and radiologic findings were recorded during the 
initial examination. Additionally, all of the scans were reviewed retrospectively by one of the 
authors. The CT findings listed are based on the retrospective evaluation. Clinical records 
were reviewed retrospectively to determine the type of treatment (operative or nonoperative) 
and clinical outcome. CT criteria included solid-organ injury, free peritoneal fluid, pneumoperi- 
toneum, mesenteric hematoma, pelvic or lumbar spine fracture or dislocation, and lower 
thoracic injury. 

CT was performed on a GE 9800 CT scanner (GE Medical Systems, Milwaukee, WI) with 
1-cm-thick sections obtained at 1-cm intervals through the abdomen and pelvis. Three 
milliliters per kilogram (maximal dose, 120 ml) of 43% iodinated contrast material (iothalamate 
meglumine [Conray 43]; Mallinckrodt, St. Louis, MO) was administered by means of rapid IV 
bolus injection. 
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Results 


Thirty-nine (64%) of 61 injured children with lap-belt ecchy- 
mosis had abdominal, pelvic, or lumbar spine injuries (age 
range, 2-17 years; mean age, 7 years). Twenty-two (36%) of 
these children had an injury of the lumbar spine or a hollow 
viscus (age range, 2 to 16 years; mean age, 8 years). Injuries 
of both the lumbar spine and a hollow viscus were noted in 
five of the children. Seventeen of 22 children with injury of 
the lumbar spine or a hollow viscus were secured by lap belts 
only; five were secured by three-point restraints (lap belt and 
shoulder harness). 


Lumbar Spinal Injury 


Thirteen children with lap-belt ecchymosis had the following 
injuries to the lumbar spine between L1 and L4: compression 
fracture only (five), subluxation or distraction and fracture 
(five), and distraction only (three). The spinal cord was injured 
in three children. The initial abdominal CT study showed the 
injury to the spine in only three children (23%; Fig. 2). A lateral 
scout radiograph of the lumbar spine, obtained with the child 





Fig. 1.—Linear lap-belt ecchymosis across lower abdomen of a child. 
Sutures are seen below umbilicus. 
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on the CT gantry, was added to the trauma CT protocol 
during the study (Fig. 3). This radiograph has shown the 
abnormality in nine (90%) of 10 subsequent cases. 


Hollow Viscus Injury 


Twelve children with lap-belt ecchymosis had bowel or 
mesenteric injury. These included six partial bowel tears, three 
complete transections, and one contusion; two children de- 
veloped subsequent strictures. Both strictures were identified 
on follow-up upper gastrointestinal series between 2 and 3 
weeks after the injury and were confirmed at surgery. The 
injury locations were as follows: jejunum (seven), duodenum 
(three), ileum and cecum (one), and sigmoid colon (one). Four 
mesenteric contusions or lacerations also were noted. 

Free intraperitoneal air was noted in only three (25%) of the 
examinations. Large peritoneal fluid collections were noted in 
11 children (92%) with bowel injuries (Fig. 4). In eight of these 
children, peritoneal fluid was noted in the absence of solid 
viscus injury or pelvic fracture. 

CT examination was repeated with oral contrast medium 
within 24 hr in five of the 12 children with bowel injury (two 
with partial tears, two with subsequent strictures, one with 
complete transection. This second examination did not pro- 
vide any additional information in any case. 

Two children had intraperitoneal bladder rupture. Both 
cases were identified by the first CT study. Extravasation of 
IV contrast material was present throughout the peritoneal 
cavity in both cases (Fig. 5). 


Additional Injuries 


Seventeen children (28%) with lap-belt ecchymosis had a 
solid-organ injury. These included 13 hepatic, eight splenic, 
two pancreatic, and one renal injury. Three children (5%) had 
pelvic fractures, two had fractures of an iliac wing, and two 
had fractures of the pubic rami. Six children (10%) had lower 
thoracic cavity abnormalities noted on the abdominal CT scan; 


Fig. 2.—Lateral radiograph of lumbar spine shows distraction 
of L2-L3 facets and anterior loss of height (compression fracture) 
of L2 vertebral body (asterisk marks L2). CT scans through L2- 
L3 region showed no abnormalities. 


Fig. 3.—Lateral radiograph of lumbar spine obtained on CT 
gantry shows distraction of L3-L4 facet joints (asterisk marks 
L3). 
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Fig. 4.—A and B, Partial jejunal tear 
with unexplained peritoneal fluid. CT 
scan through upper abdomen (A) 
shows no solid organ injury, whereas 
CT scan through pelvis (B) shows a 
moderate amount of fluid. 





Fig. 5.—Intraperitoneal bladder rupture. CT scan shows intraperitoneal 
contrast material. Bladder perforation was noted during surgery. 


these included five pulmonary contusions, one pneumotho- 
rax, and one pneumomediastinum. All of these injuries were 
identified on the initial CT scan. 


Discussion 


Although fatalities have been reduced through the use of 
safety belts [1-3], certain types of injuries have increased. 
Lap-belt restraints, in particular, have been associated with a 
specific complex of hollow viscus and lumbar spinal injuries 
[4-15]. This injury complex originally was described by Gar- 
rett and Braunstein [4] in 1962 and labeled the seat belt 
syndrome. The hallmark of the syndrome is abdominal wall 
or flank ecchymosis suggesting the pattern of a lap belt. The 
mechanism of injury is sudden flexion of the upper body on a 
fulcrum formed by the lap belt, which causes sudden 
compression of the abdominal viscera and lumbar spine [16]. 

The risk of injury is increased in children for several reasons. 
First, lap-belt restraints were designed for adults. They are 
meant to be worn over the anterosuperior iliac spines of the 
pelvis, which in adults provide strong anchor points [14]. 
Because children have relatively underdeveloped iliac spines 
and their sitting posture is often slouched rather than upright, 
lap belts tend to ride cephalad over the midabdomen [9]. The 
only anchor becomes the relatively weak abdominal wall 
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musculature. As the child moves forward beneath an improp- 
erly placed lap belt, sudden flexion occurs at approximately 
the level of the umbilicus [14]. Second, children have a higher 
center of gravity because of an increased head-to-body ratio 
[9], resulting in an increased force of flexion across the fixed 
lap belt. 

The three-point shoulder harness was developed in an 
attempt to prevent the complex of injuries associated with 
wearing lap belts alone. Many three-point restraints are worn 
incorrectly [17], and their use has not eliminated lap-belt 
complex injuries entirely. Twenty-three percent of children (5/ 
22) in our study group with hollow viscus or lumbar spinal 
injuries were secured by adult-type three-point restraints. 

Lap-belt ecchymosis was a high-risk indicator of intraab- 
dominal injury in our population, with abdominal injury present 
in 64% (39/61) of children. This compared with a 28% (249/ 
904) rate of injury in all other children with blunt trauma 
studied by CT. Additionally, although children with lap-belt 
ecchymosis represented only 6% (61/965) of the total exam- 
ined with CT after blunt trauma, they accounted for 68% (27/ 
40) of all hollow viscus and lumbar spinal injuries seen in this 
population. 

The recognition of the associated complex of injuries is 
important because of the difficulty in CT diagnosis. Findings 
of intestinal trauma may be subtle and nonspecific on CT 
[18-21]. The presence of pneumoperitoneum is neither sen- 
sitive nor specific for the diagnosis of bowel injury [19, 20, 
22, 23]. Review of these cases indicates that unexplained 
peritoneal fluid is a useful indicator of bowel injury. We have 
observed that peritoneal fluid or blood is rarely seen after 
blunt trauma as an isolated finding. We have identified peri- 
toneal fluid in the absence of a solid viscus injury, pelvic 
fracture, or hypoperfusion complex [24] in only 17 of 965 
children studied by CT after blunt trauma (unpublished data). 
Ten of these (59%) had a bowel injury (two of these bowel 
injuries occurred in patients not involved in motor vehicle 
crashes). 

The CT diagnosis of bowel injury remains a difficult one, 
however, when there is a coexisting solid organ injury or 
pelvic fracture to account for the peritoneal fluid, as occurred 
in three of our cases. Additionally, in one case no CT abnor- 
malities were noted. 

We do not routinely administer oral contrast material for 
CT examination of the abdomen after blunt trauma. In five of 
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these children, however, CT examination was repeated after 
the administration of oral contrast medium. The presence and 
location of focal bowel perforation could not be shown in any 
case. 

Findings of lumbar spinal injury also may be difficult to 
identify on CT scans of the abdomen. This is due to the 
limitations of CT in detecting horizontal fractures and facet 
distractions [25]. Only 23% of lumbar spinal injures in our 
series were noted on the abdominal CT scan. All 13 of the 
injuries were seen on lateral radiographs of the spine. In our 
early cases, the radiographs were not obtained for several 
days because a spinal injury was not clinically suspected. 
Since we added a lateral radiograph of the abdomen to the 
CT evaluation, we have identified prospectively nine of 10 
lumbar spinal injuries. We now obtain a cross-table lateral 
view of the lumbar spine also in all of these patients. 

The lateral scout radiograph, which is obtained with the 
child in the CT gantry, is not meant to replace radiographs of 
the lumbar spine, which allow visualization of the spine in 
greater detail. In a recent case, the lateral scout radiograph 
revealed no injury, whereas a subsequent standard cross- 
table lateral view of the abdomen revealed distraction of the 
L3-L4 facets. 

Rupture of the urinary bladder is an uncommon injury that 
is usually associated in adults with pelvic fracture [26-29]. 
The type of extravasation (intraperitoneal vs extraperitoneal) 
depends on the location of the tear and its relationship to the 
peritoneal reflection [26]. The diagnosis can usually be made 
on the basis of cystographic findings [26, 27]. Neither of the 
children with bladder rupture had associated pelvic fractures. 
Both injuries were identified on CT scan. 

Solid organ injuries were slightly more common in this group 
of children than in the general blunt-trauma population studied 
with CT, although the differences were not statistically signif- 
icant. Hepatic, splenic, renal, or pancreatic injuries were noted 
in 28% (17/61) of children with lap-belt ecchymosis compared 
with 21% (190/904, p = .2) in all other children studied with 
CT after blunt trauma. It is unclear whether these injuries 
were related to the seat belt itself or were due to the patient's 
striking other objects after the crash. 

In conclusion, the presence of lap-belt ecchymosis should 
prompt a careful search for lumbar spine and hollow viscus 
injuries. Recognition of the limitations of CT diagnosis of these 
injuries is important to help reduce errors in interpretation. 
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Urinary Tract Calculi That Form on 
Surgical Staples: A Characteristic 
Radiologic Appearance 





An autostapler is frequently used when bowel is interposed in the urinary tract during 
reconstructive urologic surgery in children. Usually the metallic staples are buried 
beneath the intestinal mucosa. However, if a portion of a staple is unintentionally left 
exposed or becomes exposed through migration and is then bathed by urine, it can 
become the nidus for formation of a calculus. The radiologic studies of 30 patients 
having surgery of this type in our hospital from 1980 to 1990 were reviewed prospec- 
tively, and stones were found to have developed on staples in eight patients. None of 
the patients had metabolic abnormalities. The stones were easily visible on plain 
radiographs because they were calcified. They formed in the lumen of the bladder or 
the bowel segment on the exposed portion of the staple. Thus, the staple was eccentric 
in the calculus and not central, as is usually the case with a stone forming on a foreign 
body. 

This experience suggests that stones forming on surgical stapies during reconstruc- 
tive urologic surgery have a characteristic radiologic appearance that may aid in their 
identification. 
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Patients who have undergone continent urinary diversion or urinary tract “undi- 
version” often have bowel interposed in the urinary tract [1-10]. When the ileocecai 
valve is reinforced, or the bowel modified to serve as either an antireflux or 
continence mechanism, an autostapler is frequently used. If a portion of the staple 
becomes exposed to urine, it may serve as a nidus for formation of a stone. This 
type of stone has a characteristic radiologic appearance that has not been described 
before. 


Materials and Methods 


Between 1980 and 1990, approximately 30 patients at the Children's Hospital had metallic 
surgical staples used for urinary tract reconstruction. All of these patients had follow-up 
radiologic studies. Those found to have stones forming on staples were the basis for this 
study. Their radiographs and medical records were reviewed. 


Results 


Eight patients who had calculi forming on surgical staples were seen. Seven 
ranged in age from 44 to 23 years, and one was 41 years old, when their stones 
were discovered. Their diagnoses included bladder exstrophy in two patients, 
meningomyelocele in two, isolated epispadias in one, cloacal exstrophy in one, 
neurogenic bladder of uncertain cause in one, and vaginal rhabdomyosarcoma in 
one. The most recent surgical procedures that had been performed with stapies 
included continent ileocecal diversion, bladder augmentation with sigmoid colon, 
creation of a nonrefluxing jejunocecal conduit, urinary tract undiversion with ileoce- 
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cal interposition, and augmentation of a colonic conduit with 
construction of a Kock continent nipple [11]. In seven of the 
patients, a GIA (gastrointestinal anastomosis) autosuture de- 
vice (United States Surgical Corporation, Norwalk, CT) was 
used with stainless steel staples. The eighth patient had 
surgery at another institution, and the type of staple used 
was not known. The interval from the surgery until the ap- 
pearance of stones ranged from 15 months to 6 years. 
Although not all of these stones were subjected to pathologic/ 
metabolic analysis, the composition of those that were ana- 
lyzed included magnesium ammonium phosphate hexahy- 
drate (struvite), calcium phosphate (apatite), and ammonium 
urate. Two of the patients had a history of urinary tract 
infections around the time of the formation of stones. Only 
one of the patients had serum calcium and phosphorus levels 
measured, and these were normal. No metabolic abnormali- 
ties were seen in any of the patients. 

In each of the patients, one or more opaque stones were 
seen, each with the same characteristic appearance. Each 
had formed eccentrically around an embedded surgical staple 
(Figs. 1-4). The exposed edge of the staple had served as 
the nidus for the formation of the stone, accounting for the 
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Fig. 1.—41/2-year-old boy with bladder exstro- 
phy, 15 months after continent ileocecal diver- 
sion. A routine follow-up sonogram showed 
stones in conduit. 

A, Abdominal radiograph reveals three large 
stones, two with eccentric staples (solid straight 
arrows), free within lumen of conduit. No staple 
is present in the third stone (open arrow). A 
smaller stone is still eccentrically attached to 
one of staples at suture line (curved arrow). 
Stones were removed surgically and conduit was 
revised. 

B, Close-up of two lateral stones seen in A 
shows that one has broken free from its staple, 
but notch where staple was attached is evident 
(arrow). Other stone appears to have a central 
staple, but staple is characteristically eccentric 
in another projection. 


Fig. 2.—8-year-old boy with bladder exstro- 
phy, 312 years after Mitrofanoff procedure [12]. 
Sonography performed because of urinary tract 
infections showed multiple stones in cecal 
pouch. Abdominal radiograph showed multiple 
small calculi forming eccentrically on surgical 
staples. CT scan shows that a free calculus had 
refluxed into left kidney. Stones were removed 
surgically. 


Fig. 3.—41-year-old woman, after multiple 
surgical continence procedures because of neu- 
rogenic dysfunction of bladder of uncertain 
cause. Most recent procedure was augmentation 
of colonic loop with jejunum and formation of 
Kock continent nipple 212 years previously. She 
presented because of spontaneous passage of 
a stone. Abdominal radiograph reveals a large 
calculus that has formed eccentrically on sur- 
gical staples (arrow). Most of this was removed 
endoscopically. Remainder was fragmented with 
extracorporeal shock-wave lithotripsy. 


eccentric position of the staple. Some of the stones, with or 
without their embedded staples, had broken free from the 
mucosa and dropped into the lumen of the conduit or bladder 
(Fig. 1), and in one case such a stone had refluxed into the 
kidney (Fig. 2). 


Discussion 


Foreign material in the urinary tract that is exposed to urine 
frequently serves as the nidus for formation of calculi. Surgical 
staples are no exception, and stones forming on such staples 
are well known to urologists [1-10, 13]. The staples may be 
either stainless steel or tantalum [2, 5, 10, 13]. The compo- 
sition of the stones varies, but is most often struvite, apatite, 
or magnesium ammonium phosphate [1-3, 6, 7, 13]. The 
average time until development of the first stone has been 
reported to be approximately 14 months after the surgery 
during which the staples were used [5]. Surgical procedures 
that use staples and result in stones have included a variety 
of large- and small-bowel conduits and end-to-end anasto- 
mosis of renal transplants to native ureter [13]. Hendren and 
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Hendren [14] noted that stone formation on surgical staples 
used for an antireflux nipple was a relatively common compli- 
cation among patients who had bladder augmentation. The 
majority of the reported patients have passed the stones 
spontaneously through a stoma [1-3, 5, 7, 10], although 
others have required surgical removal of the stones [6, 9-10, 
13]. Some have had extracorporeal shock-wave lithotripsy 
[4]. One patient had impaction of a refluxed stone in the ureter 
[10]. Virtually all of the reported cases have been in older 
adolescents and adults. 

Although previous descriptions have characterized the sta- 
ple as being centrally located within the stone, in fact the 
characteristic appearance is that of a stone formed eccentri- 
cally around the staple. This is related to the pathophysiology 
of the stone’s formation. When the staples are placed during 
surgery, they are buried beneath the mucosa and are not 
exposed to urine. However, with time, part of the staple may 
migrate through the mucosal surface, and the portion that 
becomes exposed to urine can then serve as a nidus for 
formation of a stone. If the stone enlarges, or the staple 
migrates further, the staple may pull free from the bowel wall, 
and the stone with the staple attached will fall into the lumen 
of the conduit or bladder (Fig. 1). Occasionally the stone may 
fall into the lumen and leave the staple behind (Fig. 1B). In 
the majority of cases, such intraluminal stones have passed 
spontaneously without difficulty or have been removed en- 
doscopically. However, in one reported case [10] and in one 
patient reported here, a stone refluxed into the ureter. 

It is important for every radiologist who deals with such 
patients to learn to recognize these calculi, because they are 
a local problem that is easily managed and are not a sign of 
some more ominous problem with stasis or metabolic de- 
rangement. 


URINARY TRACT CALCULI AND SURGICAL STAPLES 117 


Fig. 4.—81/2-year-old girl with complete epi- 
spadias, after urinary tract diversion and, most 
recently, undiversion with augmentation of blad- 
der with ileocecal conduit and reinforcement of 
ileocecal valve with staples. 

A, Abdominal radiograph shows that several 
stones are free in lumen, each with an eccentric 
staple (straight arrows). Two others are still at- 
tached to mucosa (curved arrows). 

B, Surgical photograph when bladder was 
open shows stones attached to mucosa and 
projecting into lumen. Arrow points to eccentric 
staple of one of these. 
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Normal Splenic Size in Infants and 
Children: Sonographic Measurements 





The purpose of this study was to establish guidelines for normal splenic size at 
different ages by using a simple and reproducible sonographic method. Two hundred 
thirty patients, from neonate to 20-year-old, had sonography because of abdominal and/ 
or pelvic problems unrelated to the spleen. Findings on sonograms of the liver and 
kidneys were normal in all cases. Splenic size was measured by obtaining a coronai 
view that included the hilum, while the patient was breathing quietly. The greatest 
longitudinal distance between the dome of the spleen and the tip (splenic length) was 
measured and correlated with age, height, and weight. The following guidelines are 
proposed for the upper limit of normal splenic length based on this simple, easy to use, 
one-measurement technique: splenic length no greater than 6.0 cm at 3 months, 6.5 cm 
at 6 months, and 7.0 cm at 12 months, 8.0 cm at 2 years, 9.0 cm at 4 years, 9.5 cm at 6 
years, 10.0 cm at 8 years, 11.0 cm at 10 years, 11.5 cm at 12 years, 12.0 cm at 15 years 
or older for girls, and 13.0 cm at 15 years or older for boys. Twenty-two patients with 
known abnormalities of the spleen were randomly selected and their splenic lengths 
compared with the proposed guidelines; in each case, the length of the spleen exceeded 
the upper limit of normal for that age. 

Normal values of a single measurement of the greatest longitudinal diameter of the 
spleen, from the dome to the tip measured at the hilum in the coronai plane, were 
obtained in patients from newborn to 20 years old. 


AJR157:119~121, July 1991 


Evaluation of splenic size by percussion and palpation is notoriously inaccurate. 
Radiologic methods and scintigraphy, although dependable, require radiation ex- 
posure [1, 2]. The calculation of splenic volume in children by using sonographic 
measurements can be cumbersome and time-consuming and therefore impractical 
for routine clinical use [3]. Our purpose was to establish the normal range of splenic 
size in a population of children, from full-term neonate to 20-year-old, to develop a 
practical, reliable sonographic approach for measurement, and to establish guide- 
lines for normal splenic size in children. 


Materials and Methods 


We prospectively studied 230 nonconsecutive patients, including 89 boys and 141 girls. 
Of these, 58 were infants from full-term neonate to 12 months old. Among the 172 children 
between 1 and 20 years old, 58 were boys and 114 were girls. The patients selected for the 
study were being evaluated sonographically for abdominal and/or pelvic problems unrelated 
to the spleen, most often because of urinary tract infection or abdominal pain. They had no 
history of disease related to the liver or spleen and no gastrointestinal, hematologic, oncologic. 
or traumatic conditions. Their liver and both kidneys had to be normal in size, position, anc 
echotexture to qualify for inclusion in the study. Splenic length was measured sonographicailly 
during quiet breathing with the patient supine or in a slightly right lateral decubitus position. 
in the first 90 patients, we measured four different parameters. On the transverse coronal 
image, a measurement of the width of the spleen was made at the hilum, followed by a depth 
measurement taken at a point bisecting the line indicating the width. The width of the spleen 
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was also measured at the hilum on a longitudinal coronal image and 
the maximal splenic length, determined optically, was made in a plane 
where the hilum was visualized (Fig. 1). As it became obvious that 
the only reliable, reproducible measurement was the one made in the 
longitudinal coronal plane, we obtained only this measurement in the 
last 140 patients. The data were plotted as a function of age in 
months, sex, height, and weight. We ascertained that the height and 
weight of our patients followed normal growth curves. 

In addition, we obtained coronal measurements of the spleen in 22 
randomly selected patients (14 boys, eight girls) with clinically appar- 
ent and explainable splenomegaly. Eleven children were less than 10 
years old and 11 were more than 10 years old. Seven patients had 
chronic hemolytic anemia, five had portal hypertension, four had a 
viral infection, three had leukemia/lymphoma, and three had miscel- 
laneous reasons for splenomegaly. We compared the maximal coro- 
nal measurement of each enlarged spleen with the upper limit of 
normal seen in the same age group in our normal population. 


Results 


A roughly logarithmic correlation between splenic length 
and age (r = .7) was found for the total group of 230 infants 
and children (Fig. 2). Likewise, good correlation was found 
between splenic length and patient’s height (r = .73) and 
weight (r = .78). No statistically significant difference was 
seen between boys and girls except in teenagers more than 
15 years old, where males had slightly longer spleens than 
females, generally correlating with their larger size overall 
(Table 1). The data were grouped by age, and calculations of 
the median splenic length and the 10th and 90th percentile 
were made for each group (Table 2). These results are shown 
graphically in Figure 3. A suggested upper limit of normal was 
derived by using the next highest whole integer above the 
90th percentile figure. Note that exceptions were made for 
three groups in which a half integer higher was thought to be 
more appropriate. Different guidelines for boys and girls were 
suggested for the 15- to 20-year-old group. 

In all the children with clinically obvious splenomegaly, the 
splenic length exceeded the suggested upper limit of normal 
(Fig. 4). In each patient more than 1 year old, the splenic 
length exceeded the suggested guideline by at least 2 cm. 





Fig. 1.—Coronal sonogram of spleen. Maximal splenic length, deter- 
mined optically, is measured in longitudinal coronal plane, with splenic 
hilum visualized. 
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Discussion 


Sonography provides a simple, practical, reliable means for 
obtaining splenic length measurements in infants and children. 
Our technique, however, does not allow volume measure- 
ments as other authors’ techniques have, but instead serves 
as a guide for selecting those patients who require more 
quantitative estimations of splenic size. 

Several groups have determined normal splenic volume 
and weight [4-6]. DeLand used data from 440 autopsy spec- 
imens in adults and found that splenic weight is related to the 
age and sex of the patient [7]. He noted that splenic weight 
decreases from 20 to 29 years of age and above 60 years, 
but is relatively constant from 30 to 59 years. He also ob- 
served that splenic weight is lower in women than in men for 
all ages. 


Spleen Length (cm) 


oO Female 
@ Male 





0 2 4 6 8 10 12 14 16 18 20 
Age (years) 


Fig. 2.—Length of spleen (cm) plotted against age (years) shows a 
roughly logarithmic correlation (r = .7) for total group of 230 normal infants 
and children. 


TABLE 1: Median Splenic Length in 230 Male and Female 
Infants and Children 





Male Female 


mg (n = 89) (n = 141) p 
0-3 months 4.6 (n= 7) 4.4 (n = 21) NS’ 
3-6 months 5.6 (n = 11) 5.0 (n = 2) NS 
6-12 months 6.2 (n = 13) 5.9 (n = 4) NS 
1-2 years 7.4 (n = 5) 6.8 (n= 7) NS 
2-4 years 7.3 (n = 6) 7.5 (n = 18) NS 
4-6 years 7.8 (n = 10) 7.8 (n = 29) NS 
6-8 years 8.7 (n = 7) 8.2 (n = 14) NS 
8-10 years 9.5 (n = 7) 9.2 (n = 9) NS 
10-12 years 9.7 (n= 7) 10.0 (n = 10) NS 
12-15 years 10.1 (n = 11) 10.0 (n = 15) NS 
15-20 years 11.2 (n = 5) 10.0 (n = 12) <.05 


SS ES ee ee Se Re ee ees ee 
* p values calculated with the Mann-Whitney U-test. 
° NS = No statistically significant difference between males and females. 
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TABLE 2: Age and Splenic Length in 230 Infants and Children 


——{——————E 
Length of Spleen (cm) 





Age 
(Number) 10th %ile Median 90th %ile Suggested 
Upper Limit 

0-3 months 3.3 4.5 5.8 6.0 
(n = 28) 
3-6 months 49 Sc 6.4 6.5 
(n = 13) 
6-12 months S2 6.2 6.8 7.0 
(n = 17) 
1-2 years 5.4 6.9 To 8.0 
(n = 12) 
2-4 years 6.4 7.4 8.6 9.0 
(n = 24) 
4-6 years 6.9 7.8 8.8 9.5 
(n = 39) 
6-8 years 7.0 8.2 9.6 10.0 
(n = 21) 
8-10 years 7.9 9.2 10.5 11.0 
(n = 16) 
10-12 years 8.6 9.9 10.9 11.5 
(n = 17) 
12-15 years 8.7 10.1 11.4 12.0 
(n = 26) 
15-20 years 
(n = 17) 

Female 9.0 10.0 11.7 12.0 

Male 10.1 tz 12.6 13.0 
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Fig. 3.—Median length of spleen, 10th percentile, and 90th percentile 
plotted against various age groups (full-term neonate to 20-year-old) in 
our normal population of 230 infants and children. 


Other measurements of splenic volume, in adults, have 
been described by using rectilinear scintigraphic scans after 
injection of ''°™In-labeled heat-damaged RBCs [1] and sonog- 
raphy [8-10]. Niederau et al. [9] found, using sonographic 
measurements in adults, that splenic size decreases with age 
and that splenic diameters correlate poorly with physical data. 

To our knowledge, only two papers that describe imaging 
techniques for determination of splenic size in children have 
been published. Markisz et al. [2] used sulfur colloid scintig- 
raphy to measure splenic volume (using the equation for a 
prolate spheroid) in 116 patients and found linear correlation 
with age or weight to be poor, but obtained improved corre- 
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Fig. 4.—Length of spleen in 22 cases of splenomegaly compared with 
upper limits of normal in our normal population shows that length of spleen 
in all cases of splenomegaly exceeded suggested upper limit of normal 
for same age group. 


lation when considering splenic volume as a linear function of 
either age or weight. Dittrich et al. [3] established a nomogram 
for determining splenic size sonographically on the basis of 
data collected from 194 healthy children of all ages, using a 
volume formula for an ellipsoid. 

We found these techniques far too cumbersome and time- 
consuming for practical everyday use and suggest the follow- 
ing upper-limit guidelines for sonographically assessing 
splenic length in infants and children with our one-step coronal 
measurement: 0-3 months, 6.0 cm; 3-6 months, 6.5 cm; 6- 
12 months, 7.0 cm; 1-2 years, 8.0 cm; 2-4 years, 9.0 cm; 4- 
6 years, 9.5 cm; 6-8 years, 10.0 cm; 8-10 years, 11.0 cm: 
10-12 years, 11.5 cm; 12-15 years, 12.0 cm; female 15-20 
years, 12.0 cm; and males 15-20 years, 13.0 cm. 
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Book Review 





Magnetic Resonance Imaging of the Pediatric Brain. An Anatomical Atlas. By G. Salamon, C. Raynaud, J. 
Regis, and C. Rumeau. New York: Raven, 350 pp., 1990. $105 


This MR atlas of the pediatric brain is organized into nine chapters 
that show sequential changes in anatomic appearance and, to a 
lesser degree, in myelination of the pediatric brain with maturation. 
The authors chose an axial plane parallel to the canthotragal line as 
the plane for all the MR studies, with correlations to line drawings of 
the brain viewed laterally (external and internal projections) and 
axially. All images are T1 weighted. Corresponding anatomically 
labeled line drawings illustrate supratentorial structures of normal 
infants at 1- to 4-month intervals to the age of 18 months and then 
at 1- to 3-year intervals to the age of 16 years. The authors emphasize 
that anatomic localizations correlated with anatomy based on an atlas 
of the adult brain fail to account for growth in the craniofacial 
structures, potentially resulting in errors in localization of intracranial 
structures in the child. 

The introductory chapter describes the methods used for localiza- 
tion of various gyri and sulci based on two- or three-dimensional line 
drawings. Sagittal MR images are presented sequentially by age with 
corresponding line drawings, although unfortunately the line drawings 
reverse in left-right orientation inconsistently from page to page. The 
introductory chapter concludes with detailed illustrations of phyloge- 
netic brainstem development in a variety of species; the atlas sub- 
sequently omits anatomy of the brainstem and cerebellum. 

Subsequent chapters include a level-by-level demonstration of 


supratentorial gyral and sulcal development by age, with correlative 
line drawings of supratentorial anatomy. The pulse sequences used 
for the MR images are not described; however, visually these and 
the window and level of the MR images vary from image to image, 
making it difficult to assess sequential myelination. For example, the 
intensity of subcortical white matter on the illustration of the newborn 
is markedly hypointense compared with the other images of infants 
less than 3 months old. Although the importance of a constant scan 
angle in ensuring correct anatomic localization is stressed, several of 
the images of infants were obtained at an unspecified “alternate” 
angle. 

In summary, this atlas illustrates the anatomic development of 
supretentorial sulcal and gyral structures with maturation in children. 
This is helpful for correct gyral and sulcal identification and for 
correlation with other imaging techniques. The omission of posterior 
fossa anatomic structures, T2-weighted images, and multiplanar MR 
images limits the usefulness of this text as a generally applicable 
atlas for radiologists who perform and interpret MR examinations of 
the brains of infants and children. 
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MR Imaging of the Brain in 
Patients with Diabetes Insipidus 





Diabetes insipidus is a clinical syndrome characterized by the excretion of copious 
volumes of dilute urine combined with persistent intake of abnormaily large quantities 
of fluid. There are two general forms of the disease, central (vasopressin deficient) and 
nephrogenic (vasopressin resistant). Diabetes insipidus of central origin most often 
results from lesions in the hypothalamic-neurohypophyseal axis. Twenty-six cases of 
central diabetes insipidus were evaluated with the use of high-field-strength MR imaging. 
A wide variety of precipitating conditions were found, including Langerhans cell histio- 
cytosis, neoplasia, trauma, and infection. A thickened pituitary infundibulum was seen 
in most patients, and an absence of high intensity signal in the posterior pituitary lobe 
on T1-weighted images was seen in every case. Analysis of stalk morphology; associ- 
ated brain findings; and correlation with the patient’s age, sex, history, and radiographs 
of other body parts improved diagnostic specificity. 

When combined with clinical information, MR imaging is able to provide a specific 
diagnosis in almost all cases of central diabetes insipidus. 


AJNR 12:533-542, May/June 1991; AJR 157:123-132, July 1991 


Diabetes insipidus (DI) is a disorder characterized by abnormally large volumes 
(>30 ml/kg per day) of dilute urine (<250 mosmoi/l) and persistent thirst [1]. 
Probably the most common causative defect is inadequate secretion of antidiuretic 
hormone (ADH), a disorder variously termed neurogenic, central, or hypothalamic 
DI. DI can also result from renal insensitivity to the antidiuretic effects of ADH 
(nephrogenic DI). Patients with central DI who fail to ingest adequate volumes of 
water (hypodipsia) are at risk for developing life-threatening hypernatremia, and 
constant care may be required to ensure fluid-electrolyte balance [2]. Symptomatic 
polydipsia and polyuria can also result from inappropriately excessive fluid intake 
in the absence of any underlying defect in ADH biosynthesis or release (psychogenic 
polydipsia), although this cause is very rare [2]. 

Earlier studies [3] suggested that idiopathic central DI accounted for approxi- 
mately 50% of all cases. More recent work suggests, however, that head injury 
and surgery in the sellar area are responsible for a higher percentage of cases. In 
a study of 119 patients with long-standing (>6 months) central DI, Moses [1] 
reported that 50% developed DI after head injury or surgery on the pituitary or 
hypothalamus, whereas 25% had idiopathic central DI. In 8% of the patients, DI 
developed from cancer metastases to the hypothalamus, 6% of the cases resulted 
from malignant brain tumors, 6% were related to nontraumatic encephalomalacia, 
and 3% were related to Langerhans cell histiocytosis [4]. The hereditary forms of 
central DI are extremely rare, accounting for about 1% of all cases [5]. Other rare 
causes include thrombotic thrombocytopenic purpura [6], pituitary apoplexy [7], 
postpartum pituitary necrosis [8, 9], Wegener granulomatosis [10], and systemic 
blastomycosis [11]. Infiltration of the hypothalamus by amyloid or sarcoidosis has 
also been reported [2]. Imaging studies (CT or MR) of the hypothalamic-pituitary 
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TABLE 1: Clinical and MR Findings in Patients with Diabetes insipidus (Dl) 
pag nec psa mR aS A EY IR IE I IE ORS AEN RS PR NP I I a I EA IT I TE EN NH IS IRE NNN ER EE IE I ANT CTI 


Pathologic Documentation/ 


Cause of Age Type of DI; MR Findings in Hypothaiamus/ . 
Di/Case No. {yr} Sex Signs/Symptoms “pituitary MR Enhancement Further Pathologic 
Findings 
Langerhans cell histiocytosis 
1 29 F Acute Symmetric, thickened stalk; no Homogeneously enhanced thickened stalk Stalk biopsy 
hyperintensity in post pitu- 
itary on T1 
2 14 F Acute Symmetric, thickened stalk; no Enhanced studies not performed Mastoid biopsy 
hyperintensity in post pitu- 
itary on T1 
3 1 F Acute Symmetric, thickened stalk; no Homogeneously enhanced thickened stalk Skin biopsy 
hyperintensity in post pitu- 
itary on T1 
4 57 F Acute Symmetric, thickened stalk; no Homogeneously enhanced thickened stalk Stalk biopsy 
hyperintensity in post pitu- and hypothalamic nodule 
itary on T1 
5 32 F Acute Symmetric, thickened stalk; no Enhanced studies not performed Lung biopsy 
hyperintensity in post pitu- 
itary on T1 
6 28 F Acute Symmetric, thickened stalk; no Enhanced studies not performed Lung biopsy 
hyperintensity in post pitu- 
itary on T1 
Germinoma 
7 19 M Acute; Parinaud No hyperintensity in post pitu- Enhancement of hypothalamus and R tri- Pineal biopsy 
syndrome itary on T1; thickened upper gonal subependymai nodule; heteroge- 
stalk neously enhanced pineal mass 
8 19 M Acute; Parinaud No hyperintensity in post pitu- Enhanced studies not performed Pineal biopsy 
syndrome itary on T1; thickened upper 
stalk 
9 12 M Acute; Parinaud No hyperintensity in post pitu- Enhanced studies not performed Pineal biopsy 
syndrome itary on T1; thickened upper 
stalk 
10 13 M Chronic No hyperintensity in post pitu- Enhancement of hypothalamus and optic Hypothalamic mixed 
itary on T1; thickened upper chiasm germ cell tumor 
stalk 
Craniopharyngioma 
11 10 M Acute Hypothalamic mass; no hyper- Enhanced cystic mass occupying third ~ 
intensity in post pituitary on ventricle 
T1 
12 8 F Acute; head- Hypothalamic mass; no hyper- Enhanced studies not performed ~ 
ache intensity in post pituitary on 
T1 
Hypothalamic glioma 
13 12 M Acute; visual Hypothalamic mass; no hyper- Enhanced studies not performed - 
field defect intensity in post pituitary on 
T1 
Tuberculosis 
14 17 F Acute transient, Symmetric, thickened stalk; no Abnormal enhancement in basal cisterns = 
seizures hyperintensity in post pitu- 
itary on T1 
Sarcoidosis 
15 24 M Chronic Symmetric, thickened stalk; no Enhanced studies not performed - 
hyperintensity in post pitu- 
itary on T1 
Metastasis 
16 57 M Transient, vis- Sellar/suprasellar mass; no hy-  Inhomogeneously enhancing mass Oat cell lung carcinoma 
ual defect perintensity in post pituitary 
on Ti 
17 69 M Transient; vis- Sellar/suprasellar mass; no hy- — Innhomogeneously enhancing mass Adenocarcinoma 
ual defect perintensity in post pituitary 
on T1 
Sellar surgery 
18 42 F Transient Postop sellar change; marked Enhanced studies not performed - 
structural distortion with 
high signal due to methemo- 
globin in sella 
19 37 M Transient Postop sellar change; marked Enhanced studies not performed - 
structural distortion with 
high signal due to methemo- 
globin in sella 
20 47 M Transient; fever  Postop sellar change; marked Multiloculated enhancing pituitary mass Pituitary mass 


structural distortion with 
high signal due to methemo- 
globin in sella 


Table 1 continues 
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TABLE 1—Continued 





Cause of Age cay: Type of Di; MR Findings in Hypothalamus/ 
DifCase No. yr) Signs/Symptoms Pituitary 
Transection stalk after trauma 

21 17 F Transient; Transection of stalk; aber- 

amenorrhea rantly placed hyperintensity 


in median eminence of post 
pituitary after resolution of 
Di 

22 14 M Transient - Transection of stalk; no hyper- 
intensity in post pituitary on 
T1 


Erdheim-Chester disease 


23 39 M Chronic No hyperintensity in post pitu- 
itary on T1; thickened upper 
staik 

Unknown 

24 25 F Acute Symmetric, thickened stalk; no 
hyperintensity in post pitu- 
itary on T1 

25 29 F Acute Symmetric, thickened stalk; no 
hyperintensity in post pitu- 
itary on T1 

26 52 M Chronic Empty sella; downward dis- 


placed chiasm; no hyperin- 
tensity in post pituitary on 
T1 


Pathologic Documentation/ 
MR Enhancement f Further Pathologic 
Findings 


w 


Enhanced studies not performed = 


Enhanced studies not performed = 


Homogeneously enhanced thickened me- - 
dian eminence 


Enhanced studies not performed - 
Homogeneously enhanced thickened stalk - 


Enhanced studies not performed = 





Note.—-post = posterior, T1 = T1-weighted images; R = right; postop = postoperative. 


region are important in the diagnosis of DI. MR imaging is 
particularly useful in documenting the presence or absence 
of a structural lesion, as opposed to assigning a diagnosis of 
idiopathic DI for which only symptomatic therapy is pre- 
scribed. 

We report our MR imaging findings in 26 patients with 
Clinically proved DI. 


Materiais and Methods 


We retrospectively studied the MR findings in 26 patients (14 
males and 12 females 1-69 years old; mean, 27.7 years of age) seen 
` during the period 1986-1990 with clinical evidence of DI. Clinical 
histories were correlated with imaging findings. All patients were 
imaged on a 1.5-T General Electric system. Eleven patients were 
scanned before and after IV administration of gadopentetate dimeglu- 
mine. Surgical specimens were obtained from the hypothalamic- 
pituitary area or other affected body sites in 19 patients. 

The MR technique consisted of unenhanced T1-weighted spin- 
echo (SE) scans, 600/20/4 (TR/TE/excitations), through the sella in 
sagittal and coronal planes with 3-mm slices and a 0.5-mm interslice 
gap. Enhanced studies were obtained in the same planes. Images 
were reconstructed with two-dimensional Fourier transform on a 256 
x 256 image matrix. Axial T2-weighted images (2000/40,80/2) of the 
whole brain were obtained also in most patients. Additional axial T1- 
weighted images (600/20/4) of the brain were obtained in 11 patients 
after contrast administration. 

Unenhanced and enhanced images were reviewed by two neuro- 
radiologists. The size, shape, and signal intensity of the pituitary 
stalk, hypothalamus, and pituitary gland and any associated abnor- 
malities were evaluated. MR findings were correlated with clinical 


- history and surgical pathology. 


Results 


Results of MR examinations, correlated with the clinical 
symptoms and signs, associated imaging findings, and sur- 
gical pathology, are summarized in Table 1. 


Langerhans Cell Histiocytosis 


Six female patients 1-57 years old with acute onset and 
persistent DI were found to have uniformly thickened pituitary 
stalks 3-4 mm wide in the coronal plane and 3-17 mm wide 
in the sagittal plane (Fig. 1) (stalks in normal controls were 
less than 2.8 mm in both planes). One patient had a destruc- 
tive mastoid lesion. Another had clinical Letterer-Siwe disease 
(with skin rash and hepatosplenomegaly). Two patients had 
honeycomb-like interstitial lung disease and the other two 
had thickened pituitary stalks alone. In none of the patients 
was high signal intensity seen in the posterior lobe. Enhanced 
MR was performed in three patients. In two there was normal 
enhancement of the stalk (cases 1 and 3); in the third (case 
4), an enhancing nodule in the hypothalamus proved to be 
Langerhans cell histiocytosis. 


Germ Cell Tumor 


Abnormally enlarged upper pituitary stalks were seen in 
four patients 12-19 years old with acute onset and persistent 
DI. Coexisting lobulated pineal masses were present in three 
patients. Abnormal contrast enhancement of the subependy- 
mal lining in the anterior recess of the third ventricle from CSF 
metastasis was seen in one patient (Fig. 2). In another patient, 
an isolated hypothalamic mass showed enhancement (Fig. 3). 
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Fig. 1.—Case 5: Uniformly thickened pituitary 
infundibulum from Langerhans cell histiocytosis. 

A and B, Sagittal (A) and coronal (B) T1- 
weighted images (600/20) reveal uniformly thick- 
ened (4 mm) pituitary infundibulum (arrows). No 
posterior pituitary hyperintensity was observed. 


Fig. 2.—Case 7: Hypothalamic metastasis from 
pineal germinoma. 

A, Sagittal SE 600/20 images before (left) and 
after (right) infusion of gadopentetate dimeglu- 
mine show heterogeneous enhancement of pineal 
mass (open arrows) and enhancing nodule in me- 
dian eminence (long solid arrow). Pituitary infun- 
dibulum is asymmetrically thickened (short solid 
arrows). 

B, Axial SE 600/20 images after infusion of 
gadopentetate dimeglumine reveal enhancing pi- 
neal tumor (open arrows) as well as subependymal 
metastasis in anterior recess of third ventricle 
(short solid arrows) and thickened pituitary infun- 
dibulum (long solid arrow). 





Craniopharyngioma 


Craniopharyngiomas were found in two patients (10-year- 
old boy and 8-year-old girl) with acute onset and persistent 
DI. In one patient (case 12), a large, rather homogeneous 
sellar and suprasellar mass was seen that obliterated the 
anterior third ventricle. Another patient (case 11) with a history 
of craniopharyngioma was admitted because of sudden onset 
of DI. After enhancement, MR revealed enhancing sellar and 


suprasellar masses with a large multicystic lesion that filled 
the posterior third ventricle, representing the recurrent crani- 
opharyngioma. 


Hypothalamic Glioma 


A 12-year-old boy (case 13) with acute onset of DI and a 
visual field defect was evaluated by MR. A 3-cm hypothalamic 
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Fig. 3.—Case 10: Hypothalamic mixed germ cell 
tumor. 

A, Sagittal SE 600/20 image reveals hypotha- 
lamic mass involving optic chiasm (straight arrow) 
and median eminence (curved arrow). Pituitary 
infundibulum is asymmetrically thickened. 

B, Coronal SE 600/20 image after infusion of 
gadopentetate dimeglumine shows strong but 
slightly heterogeneous enhancement of hypotha- 
lamic mass with involvement of median eminence 
(arrows). 


Fig. 4.—Case 14: Uniformly thickened stalk 
from tuberculosis. 

A, Coronal SE 600/20 image reveals uniformly 
thickened (4 mm) pituitary infundibulum (arrows). 

B, Axial SE 600/20 image after infusion of 
gadopentetate dimeglumine shows abnormal 
enhancement of suprasellar and circummescen- 
cephalic cisterns (arrows) as well as of leptome- 
ninges (arrowheads). 


A 


lesion was detected. It was isointense on T1-weighted images 
and hyperintense on T2-weighted images. There was some 
mass effect on the chiasm. 


Tuberculosis and Sarcoidosis 


The patient with tuberculosis was a 17-year-old girl admit- 
ted with seizures and acute onset of DI. MR showed a 
uniformly thickened stalk (Fig. 4A). After administration of 
contrast material, there was diffuse enhancement in the basal 
cisterns (Fig. 4B). A spinal epidural abscess was noted also. 
CSF revealed tuberculosis bacilli. After antituberculous treat- 
ment, the DI resolved. The other patient (a 24-year-old man) 
was known to have a history of pulmonary sarcoidosis with 
chronic DI. MR revealed a uniformly thickened stalk, presum- 
ably representing neurosarcoidosis. 


Metastases 


Two patients (a 57-year-old man and a 69-year-old man) 
with transient DI and visual defects were evaluated. MR 
showed destructive, innomogeneously enhancing sellar and 
Ssuprasellar masses in both cases (Fig. 5). Systemic exami- 
nations revealed the primary carcinomas. 
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Postoperative Sella 


Transsphenoidal hypophysectomy for pituitary adenoma 
had been performed recently in three patients (cases 18-20). 
Transient DI was noted in each case. T1-weighted MR images 
within 2 weeks after surgery in cases 18 and 19 showed an 
area of signal hyperintensity in the pituitary fossa with asso- 
ciated mass effect. This most likely represented methemoglo- 
bin accumulation in the surgical bed, a fairly typical feature of 
the early postoperative sella (Fig. 6). No treatment was given 
in case 18 or 19. In case 20, a patient with severe headache 
and fever, enhanced MR images revealed a multiloculated 
enhancing sellar mass (Fig. 7); pituitary abscess was sus- 
pected. DI disappeared after drainage. 


Post-Traumatic Transection of the Stalk 


Two patients (cases 21 and 22) had been injured in car 
accidents and had a history of transient DI. One patient (case 
21) also had amenorrhea. In case 21, MR performed 2 years 
after the accident showed a transected stalk with bright signal 
at the proximal stalk stump. In this patient, DI had resolved 
completely by the time of MR imaging (Fig. 8). In the other 
patient (case 22), MR performed 3 months after the car 
accident showed a ruptured anterior third ventricle and a 
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Fig. 5.—Case 16: Sellar and suprasellar mass from lung cancer. 
A, Sagittal SE 600/20 MR image reveals an inhomogeneous sellar mass with suprasellar extension (white arrows). Irregular border of pituitary floor 
(black arrows) is attributable to tumor invasion. Central high signal intensity (arrowheads) most likely represents methemoglobin from intratumoral 
hemorrhage. 
B, Coronal SE 600/20 contiguous MR images after infusion of gadopentetate dimeglumine show inhomogeneous enhancement of this sellar and 
suprasellar mass. Hypothalamus is involved (arrowheads). 





completely transected stalk. The bright spot was not identified 
at any location. The patient continued to have DI for several 
months after the MR study. 


Erdheim-Chester Syndrome 


A 39-year-old man had an 8-year history of bone pain and 
DI. Enhanced MR showed a thickened enhancing upper pi- 
tuitary stalk (Fig. 9A); the bone scan showed symmetric 
diffuse osteoblastic changes in peripheral long bones (Fig. 
9B). Bone biopsy showed changes typical of Erdheim-Chester 
disease. 


Unknown Etiology 


Two young women 25 and 29 years old (cases 24 and 25, 
respectively) had acute onset and persisting DI. MR showed 
a uniformly thickened stalk in each case. No other abnormal- 
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Fig. 6.—Case 18: Pre- and postoperative sella. 

A, Preoperative coronal SE 600/20 MR image 
shows irregularly shaped pituitary macroadenoma 
with depression of floor of sella (arrows). 

B, Postoperative coronal SE 600/20 MR image 
2 weeks after surgery. Large hyperintense area in 
sella with associated mass effect (arrows) prob- 
ably represents methemoglobin accumulation in 
surgical bed. Tumor or residual gland appears to 
have been displaced into suprasellar region (ar- 
rowheads). 


ities were noted. In several respects the MR findings were 
similar to those in case 1, a patient in whom Langerhans cell 
histiocytosis was diagnosed by biopsy. Since no biopsy data 
were obtained, these two patients were categorized as un- 
known. In another patient (case 26), a 52-year-old man with 
chronic DI, an empty sella and a downwardly displaced chiasm 
were seen on MR. 


In summary, a total of 10 cases of uniformly thickened 
pituitary infundibulum were seen in six patients with Langer- 
hans cell histiocytosis, one patient with tuberculosis, one 
patient with sarcoidosis, and two patients with DI of unknown 
origin. A thickened upper stalk was seen in the four patients 
with germ cell tumor and the one patient with Erdheim- 
Chester syndrome. In the remaining patients, the integrity of 
the infundibulum was either directly compromised by the 
tumor itself, distorted by surgery, or transected as a result of 
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Fig. 7.—Case 20: Postoperative pituitary abscess. 
A, Coronal SE 600/20 MR image shows inhomogeneous pituitary mass with suprasellar extension 
(arrowheads). 
B, Coronal SE 600/20 MR image after infusion of gadopentetate dimeglumine shows abnormal 
multiloculated enhancement pattern of this mass (arrows). 


Fig. 9.—Case 23: Erdheim-Chester disease. 

A, Sagittal SE 600/20 MR image after infusion 
of gadopentetate dimeglumine shows enhance- 
ment in a thickened median eminence (arrows) of 
pituitary infundibulum. 

B, "Tc bone scan reveals increased osteo- 
blastic activity bilaterally in femur (short arrows) 
and tibia (long arrows). 


mechanical trauma in the region; thus, identification of an 
isolated thickened infundibulum was not possible. 

The normally hyperintense posterior pituitary region was 
not observed in 22 patients. In three postoperative cases, 
postsurgical changes made identification of the posterior lobe 
signal intensity impossible to establish. In another patient with 
a history of transient DI, an aberrant bright spot was observed 
at the median eminence after resolution of DI. 


Discussion 


In the vast majority of cases, the diagnosis of DI is made 
on Clinical grounds. The role of imaging is to determine the 
cause of DI, and the available data indicate that MR is 
currently the best imaging technique for this purpose. MR 
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Fig. 8.—Case 21: Transection of pituitary infun- 
dibulum resulting from car accident accompanied 
by transient diabetes insipidus. Sagittal SE 600/ 
20 MR image shows transected pituitary infundib- 
ulum and hypoplastic pituitary gland. High-signal 
focus at median eminence (arrow) represents the 
same material noted in normal high-signal poste- 
rior pituitary. Diabetes insipidus had resolved com- 
pletely by the time this image was obtained. 





images clearly demonstrate hypothalamic-pituitary morphol- 
ogy and can detect subtle abnormalities in the region of the 
sella. A diagnosis of idiopathic DI should be considered only 
after appropriate MR imaging has been completed and the 
presence of structural lesions excluded. 

Approximately two thirds of patients with central DI have 
infiltrative lesions involving the hypothalamic-neurohypophy- 
seal axis [1]. Langerhans cell histiocytosis was the single 
leading cause of DI in the present study, accounting for 23% 
of cases. All patients with this etiology were females with DI 
of acute onset that persisted despite treatment. A review of 
180 patients with multifocal eosinophilic granulomas indicated 
that 56% had DI, 25% had skin manifestations, 15% had 
pulmonary infiltrates, and 15% had otitis media [12]. This 
suggests that imaging studies of the lungs, temporal bones, 
or even the peripheral long bones may be useful diagnostic 
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adjuncts in patients with Langerhans cell histiocytosis (cases 
2, 3, 5, and 6). At the same time, it is also noteworthy if a 
thickened stalk is the only presentation of Langerhans cell 
histiocytosis (such as in case 1). In two other patients (both 
females), MR findings were similar. Although these cases 
(cases 24 and 25) were categorized as DI of unknown origin 
based on the patients’ ages, histories, and imaging results, 
Langerhans cell histiocytosis may have been responsible for 
the DI in these cases also. As well, some patients with 
thickened stalks noted on CT, who were listed as having 
idiopathic DI [1], may also represent cases of Langerhans cell 
histiocytosis. 

Germ cell tumor was found in the next largest group of 
patients with DI and was the most common intracranial tumor 
associated with central DI in children, in agreement with prior 
reports [13]. All of our patients were teenage boys. Three 
had a pineal mass with CSF metastasis and Parinaud syn- 
drome (paralysis of upward gaze). MR clearly demonstrated 
a thickened upper pituitary stalk and lobulated pineal mass. 
Enhanced MR revealed enhancing CSF metastases (case 7) 
and suprasellar hypothalamic enhancing mixed germ cell tu- 
mor (case 10). In a previous study, dysgerminoma was found 
to be the most common intracranial tumor associated with 
neurogenic DI in children, with craniopharyngioma the second 
most common [13]. DI has been reported in 40% of children 
with Langerhans cell histiocytosis [13]. 

DI associated with infiltrative inflammatory processes such 
as tuberculosis or sarcoidosis is also well established [14]. 
MR revealed a uniformly thickened stalk resembling that in 
Langerhans cell histiocytosis, which has been reported by 
other investigators also [14]. However, the chest radiographs 
provided crucial evidence for the diagnosis. Transient DI was 
noted in a patient with tuberculosis meningitis, as evidenced 
by contrast-enhanced MR. Transient Di has been reported 
previously in patients with meningitis [15, 16]. 

The prevalence of metastases within the pituitary gland 
ranges from 1.8~12% in different series. Most common are 
metastases from the breast, followed by carcinoma of the 
gastrointestinal system. About 20% of these metastases are 
diagnosed clinically with DI as the main presenting symptom 
[17]. DI of a transient nature may represent metastases to 
the posterior lobe of the pituitary without significant encroach- 
ment on the supraoptic and paraventricular nuclei of the 
hypothalamus. In the present study, MR revealed the destruc- 
tive nature of such lesions. Therefore, in older individuals in 
particular, metastases merit some consideration in the diag- 
nosis. 

An association between transient DI and the postoperative 
sella is not uncommon. It appears to represent selective 
damage to the posterior lobe without concurrent damage to 
the hypothalamic neurosecretory nuclei. DI is often associated 
with persistent anterior lobe dysfunction from surgical dam- 
age. The presence of transient DI with fever, headache, visual 
disturbances, and anterior lobe dysfunction in a patient who 
recently underwent sellar surgery strongly suggests pituitary 
abscess [18]. A loculated ring-enhancing sellar mass on MR 
with clinical symptomatology of DI is diagnostic. 

Posttraumatic transection of the stalk with DI has been 
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described in previous MR studies [19]. In most cases the DI 
develops within a few days after stalk section and is transient, 
but in one third of the patients it remains as a chronic 
complication without concurrent dysfunction of the anterior 
lobe [20]. Differential diagnosis from congenital pituitary 
dwarfism is based on the clinical history. It has been reported 
that dwarfs have a hypoplastic stalk and anterior pituitary 
lobe [21]. 

An interesting etiologic combination was seen in the patient 
with Erdheim-Chester disease and central DI. Erdheim-Ches- 
ter disease is a rare entity, typically represented by symmetric 
osteoblastic changes in peripheral long bones with lipid-laden 
histiocytes and giant cells in bones and visceral organs [22, 
23}. One case of Erdheim-Chester disease involving the brain 
parenchyma was described [24] in which enhancement on 
MR persisted 7 days after administration of contrast material. 
However, involvement of the hypothalamus with associated 
DI has not been reported previously, which is somewhat 
surprising given the highly infiltrative nature of this disease. 
Of some interest also is the MR finding in the patient in our 
study in whom enhancement was no longer seen 1 day after 
contrast administration. The explanation for this observation 
is not Known. 

Another patient had chronic DI and an empty sella with 
herniation of the optic chiasm. Hypopituitarism, with or with- 
out visual field defects secondary to herniation of the supra- 
sellar visual system and third ventricle into the empty sella, 
has been reported previously [25]. However, the cause of Di 
in our particular patient remains unknown. 

The median age of onset of idiopathic DI in a previous 
study [1] was 16 years, and the majority of patients (63%) 
were male. Most of these patients had evidence of anterior 
pituitary dysfunction, and some had thickened infundibular 
stalks on CT. Growth hormone deficiency is the most common 
accompanying anterior pituitary deficit, but inadequate secre- 
tion of thyroid-stimulating hormone (TSH) and adrenocorti- 
cotropic hormone (ACTH) is also seen [13]. Patients with 
idiopathic central DI have been shown in pathologic studies 
to have a striking depletion of Nissi! granules and fewer 
neurons in the supraoptic and paraventricular nuclei of the 
hypothalamus [5]. Some patients with idiopathic DI have 
circulating antibodies to vasopressin neurosecretory cells 
[1], which suggests a possible immunologic basis for the 
disease. Idiopathic DI is almost always permanent [1]. About 
30% of all cases of DI in children are classified as idiopathic 
[13]. Familial DI is clinically similar to idiopathic Di, but is very 
rare [5, 13]. Both autosomal-dominant and sex-linked modes 
of inheritance have been postulated [26]. 

in children, neurogenic DI affects both sexes equally, and 
may begin at any age from a few months to adolescence. 
Polyuria is unusual in neonates, who usually present with 
chronic dehydration, unexplained fever, vomiting, and consti- 
pation, often leading to serious long-term neurologic deficits 
[13]. In adolescents, polyuria is the main symptom and often 
has a dramatic onset. Growth hormone deficiency is the most 
common accompanying anterior pituitary deficiency in chil- 
dren with neurogenic Di, but deficiency of TSH and ACTH 
secretion may occur also. Inadequate ACTH synthesis and 
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release may require special attention in patients with DI 
because it can camouflage the underlying polyuria of DI [13]. 
Another frequent cause of childhood central DI is a hypotha- 
lamic tumor, such as a craniopharyngioma or a hypothalamic 
glioma [4, 27]. In the present study, MR was able to clearly 
demarcate the diencephalic mass in different planes (cases 
11-13). 

In all the patients with DI, the high-intensity signal normally 
seen in the posterior lobe on T1-weighted MR images was 
not observed, in agreement with previous reports [28, 29]. In 
normal subjects, the frequency of the bright signal has varied 
from 90-100% [28, 29] to as low as 63% [30]. An age-related 
decline in the rate of detection of the bright signal of approx- 
imately 1% per year between 7 months and 85 years of age 
has also been reported [30]. The source of the hyperintense 
MR signal in the normal neurohypophysis has been the sub- 
ject of recent controversy [28-33]. A recent study [33] inves- 
tigated the effect of two chemical components of the posterior 
lobe, phospholipids and vasopressin, on the observed MR 
signal. It was found that a solution containing phospholipid 
vesicles has T1 and T2 characteristics analogous to those of 
the neurohypophysis, and that this solution exhibits a single 
peak that is chemically shifted with respect to water. Vaso- 
pressin had no effect on the signal, either in solution or in the 
vesicles. These data suggest that phospholipids act as a 
relaxation enhancer of water protons, and that the MR char- 
acteristics of the phospholipid vesicles are consistent with 
the observed MR properties of the neurohypophysis. 

The absence of the hyperintensity that is normally seen in 
the posterior lobe of the pituitary gland is not in itself diag- 
nostically significant, as this bright signal is occasionally ab- 
sent in some normal subjects [31]. However, we believe that 
the presence of a bright signal is inconsistent with the diag- 
nosis of DI. We have encountered one case (described below) 
in which the finding of normal bright signal in the posterior 
lobe in a patient thought to have DI led to an alternative 
diagnosis. 

We saw one woman who developed DI and preeclampsia 
late in the third trimester of pregnancy. MR imaging of the 
hypothalamic-pituitary area was performed 1 month postpar- 
tum to exclude a structural lesion. The scan was remarkable 
in that it was entirely normal, including the presence of 
hyperintensity in the posterior lobe. We believe that this 
finding was inconsistent with the diagnosis of vasopressin 
deficiency. Subsequent testing documented the presence of 
vasopressinase in her serum. Serum vasopressinase is an 
enzyme that occasionally appears late in pregnancy [34, 35]. 
it results in the inactivation of circulating vasopressin and 
leads to polyuria/polydipsia syndrome, which is indistinguish- 
able from DI [34-36]. This relatively rare diagnosis can be 
established by incubating pharmacologic preparations of va- 
sopressin with the test patient's serum and demonstrating 
rapid inactivation of the hormone [34, 35]. 

In conclusion, central DI can result from a wide variety of 
diseases. The most common causes of DI appear to be 
Langerhans cell histiocytosis, germinoma, craniopharyngi- 
oma, hypothalamic glioma, granulomatous inflammation, sur- 
gery, and trauma. MR is currently the imaging method of 
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choice in the evaluation of dysfunction of the hypothalamic- 
neurohypophyseal secretory system. MR imaging, particularly 
when coupled with clinical information, allows a specific di- 
agnosis in almost all cases of central DI. 
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MR Imaging of Intracerebral 
Blood: Diversity in the Temporal Pattern 
at 0.5 and 1.0 T 





MR scans were obtained at 0.5 and 1.0 T in 40 patients with 46 intracerebrai 
hematomas categorized as hyperacute (0-2 days), acute (3-7 days), subacute (8-14 
days), and chronic (15 days to 6 years). In a retrospective review, the signal intensity of 
the lesions was compared with that of normal white matter of the brain on spin-den- 
sity, T1-, and T2-weighted spin-echo and T1-weighted gradient-echo sequences. The 
classic appearance and evolution of hematomas described in the literature at 1.5 T were 
not found in a significant number of the cases reviewed. In the hyperacute group, only 
five of eight hematomas had signal intensities that were hypointense relative to brain 
on T2-weighted images. Two of eight hyperacute hematomas were hyperintense relative 
to brain on the T1-weighted spin-echo images. However, T1-weighted gradient-echo 
images reliably demonstrated a hypointense signal in some portion of the hematoma in 
45 of 46 cases. 

We conclude that while there is no constant temporal pattern on spin-echo or gradient- 
echo sequences, there are signal-intensity changes suggestive of hemorrhage in nearly 
all hematomas imaged at 0.5 and 1.0 T. Although the inconsistency may be frustrating 
from a diagnostic standpoint, this variability may reveal important individual differences 
in hematomas and the brain that surrounds them, and thus be clinically significant. 
Before these data can be mechanistically analyzed, the reason for contrast on MR scans 
of hematoma must be better understood. 
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MR of intracranial hematomas should be clinically useful because of the sensitivity 
of MR to many physical and chemical changes that accompany hemorrhage. 
Current concepts of the appearance of intracerebral hemorrhage are based on 
empirical clinical observations, theoretical explanations predicated on prior MR 
data, and very limited in vitro analysis of human blood clot and components. 
Currently, the most popular mechanistic explanation for the appearance of intra- 
cerebral hemorrhage is that of Gomori et al. [1], which emphasizes the importance 
of the paramagnetic hemoglobin phenomenon at 1.5 T. However, this hypothesis, 
which depends on magnetic field strength, does not explain certain obvious clinical 
observations, such as low-signal lesions on T2-weighted spin-echo (SE) images 
obtained with lower field strengths [2, 3], nonspecific bright T2-weighted SE images 
of very early (<48 hr) hematomas at any field strength, and the occasional high 
signal intensity on T1-weighted SE images of very early hemorrhage [3]. In this 
report, we review the clinical appearance of intracerebral hemorrhage at field 
strengths of 0.5 and 1.0 T. In a companion article [4], we propose a theory to 
explain the MR patterns of cerebral hemorrhage at these field strengths by focusing 
on factors that influence T1 and T2 relaxation and thereby determine MR image 
contrast in clinical hematomas examined by SE and gradient-echo (GE) images at 
field strengths below 1.5 T. 
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Fig. 1.—A and B, Signal intensities of the center (A) and rim (B) of hematomas vs age of hemorrhage on spin-density-weighted SE images obtained at 


0.5 and 1 T. 





Pe CELT 
x= 0.5 T 
* è% ò% 4# e 6 + 
-S EEE o e x > o * x 
ns ë 
= 
lid 
p- 
= 9 ' * x 
and 
<q 
a 
g 
mw i sess * x * x x <. 9 
* e » 
€ + 
12 3 4 5 6 7 8 93 10 11 42 13 14 3 4 B 4 6 
DAYS WEEKS YEARS 


Fig. 2.—A and B, Signal intensities of the center (A) and rim (B) of hematomas vs age of hemorrhage on T2-weighted SE images obtained at 0.5 
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Materiais and Methods 


All MR examinations performed from May 1986 to April 1988 were 
retrospectively reviewed for evidence of cerebral hemorrhage. This 
included MR studies in patients referred for known or suspected 
intracranial hemorrhage, as well as MR studies suggesting the pres- 
ence of a hematoma in patients referred for other indications. From 
the initial 107 patients reviewed, 40 patients were chosen for inclusion 
because there was convincing evidence of cerebral hemorrhage and 
the time of hemorrhage was well documented. When hematomas 
were multiple (two cases), they were evaluated separately because 
they often had different MR appearances. Serial studies (four cases) 
were also evaluated individually. Thus, the total number of hemato- 
mas (46) exceeded the number of patients (40). Twelve hematomas 
were confirmed surgically and pathologically, 20 hematomas were 
diagnosed and staged by clinical findings and CT examinations, while 
eight hematomas were documented by clinical findings and MR 
characteristics only. 

Thirty-six hematomas were scanned on a 1.0-T superconducting 
unit (Siemens, Iselin, NJ) and 10 hematomas on a 0.5-T supercon- 
ducting unit (Siemens). The following pulse sequences were used in 
all patients: spin-density-weighted SE, >3000/<35 (TR/TE); T2- 
weighted SE, >3000/>88; T1-weighted SE, <500/<35; and T1- 
weighted GE, <500/17/90° (TR/TE/flip angle). Images were obtained 


with 1-4 excitations and a 256 x 256 acquisition matrix. Images 
were 5-10 mm thick. 

Each image type was independently evaluated by two neurora- 
diologists as to the signal intensity (SI) relative to the white matter of 
the brain. Since the Si pattern of a hematoma was not uniform, the 
hematoma was roughly separated into two compartments: center 
and rim (which presumably represents the outer part of the hema- 
toma). The hematomas were arbitrarily divided by age into four 
stages. Eight hematomas were hyperacute (0-2 days old), 19 were 
acute (3-7 days old), 10 were subacute (8-14 days old), and nine 
were chronic (more than 14 days old). 


Results 


Rapid, dynamic, and even reversible changes in intensity 
patterns were observed that varied greatly with age of hem- 
orrhage and pulse sequence. The Sis of hematoma regions 
are graphed as a function of the age of hemorrhage in Figures 
1-4, 

The hyperacute stage (0-2 days) was characterized 
by variable appearances rather than a consistent pattern. 
Hematomas examined with double-echo scans (spin-density- 
and T2-weighted SE) were noted to be predominantly hyper- 
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Fig. 3.—A and B, Signal intensities of the center (A) and rim (B) of hematomas vs age of hemorrhage on T1-weighted SE images obtained at 0.5 


and 1T. 


SIGNAL INTENSITY 
o 





12 34567 8 8 10 11 12 13 14 3 4 8 4 6 
DAYS WEEKS YEARS 


A 


o 


SIGNAL INTENSITY 
(=) 


— 





12 3 4 5 6 7 8B 9 10 11 12 13 14 
DAYS WEEKS 


3 4 8 4 6 
YEARS 


Fig. 4.—A and B, Signal intensities of the center (A) and rim (B) of hematomas vs age of hemorrhage on T1-weighted GE images obtained at 0.5 


and 1T. 


intense peripherally with foci of varying degrees of hypoin- 
tensity scattered within the hematoma, particularly on the 
second-echo image. In three of eight cases, hypointensity on 
T2-weighted SE images was not sufficient to allow a definite 
diagnosis of hemorrhage. This nondiagnostic appearance oc- 
curred at both 1.0 T (two cases) and 0.5 T (one case). On 
T1-weighted SE images, most lesions were slightly hypoin- 
tense, but two had hyperintense regions. On T1-weighted GE 
images, hematomas typically had a central hypointensity with 
variable hyperintensity about the rim. However, only minimal 
evidence of hypointensity was seen on T1-weighted GE im- 
ages in one case (Fig. 5). 

The acute (3-7 days) hematomas were typified by low SI 
centrally on spin-density- and T2-weighted SE and T1- 
weighted GE pulse sequences. The rim most frequently had 
increased SI on spin-density- and T2-weighted SE images but 
low SI on T1-weighted GE images. 

The central portion of subacute lesions (8-14 days) most 
often had decreased SI on spin-density- and T2-weighted SE 
and T1-weighted GE scans. In all cases (10 of 10), there was 
increased SI on T1-weighted SE sequences, either centrally 
or at the rim. 


Chronic lesions (>14 days) also varied in appearance, but 
the most common pattern was of central increased SI on 
spin-density-, T2-, and T1-weighted SE and T1-weighted GE 
images with decreased signal in the rim on spin-density- and 
T2-weighted SE and T1-weighted GE scans. Smaller or older 
hematomas had smaller or no central regions of bright signal. 
Such lesions were seen only as areas of decreased SI on T2- 
weighted SE, and particularly on T1-weighted GE images 
(Fig. 6). 

In addition to analyzing hematoma SI by arbitrary location 
in the hemorrhage (i.e., center and rim), we also evaluated 
the SI of hemorrhage independent of location in the hema- 
toma. Table 1 summarizes SI patterns as a function of age of 
hemorrhage, independent of lesion region. Thirty-seven he- 
matomas (80%) had low SI somewhere within the lesion on 
T2-weighted SE images. This was seen with comparable 
frequency in hemorrhages of all ages. Twenty-eight hemato- 
mas (61%) had increased SI on T1-weighted SE images; this 
was seen most frequently in subacute hemorrhages. Forty- 
five hematomas had low SI on T1-weighted GE images. Only 
one hematoma, a 22-hr-old hemorrhage imaged at 1.0 T, 
lacked this relatively distinctive SI. There were no known 
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blood or clotting abnormalities to account for this anomalous 
appearance. 


Discussion 


The empirical observations of this study document the 
variable MR appearance of intracerebral hemorrhage on SE 
and GE images at 0.5 and 1.0 T. This finding is consistent 
with the more current literature. For instance, Gomori et al. 
[1] reported decreased central SI on T2-weighted SE images 
of acute hemorrhage, while our results and those of Zimmer- 
man et al. [3] show some acute hematomas to have hyper- 
intense central SI. Likewise, Gomori et al. [1] indicated that 
acute hematomas have isointense to low SI centrally on T1- 
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Fig. 5.—22-hr-old right thalamic he- 
matoma. 

A-D, Despite patient motion, MR ap- 
pearance on spin-density-weighted SE 
(A), T2-weighted SE (B), T1-weighted 
SE (C), and T1-weighted GE (D) MR 
images at 1 T is relatively nonspecific, 
except for iso- to slightly hypointense 
signal on GE image. 





weighted images, while our results and those of Zimmerman 
et al. [3] show some hematomas with hyperintense SI. 
Some authors have suggested that variations in the MR 
appearance of hematomas can be attributed to differences in 
field strength, pulse sequences, or other technical factors. 
For instance, Gomori et al. [5] suggested that acute hema- 
tomas have central low SI on T2-weighted SE images at 
“high” field strengths (1.5 T), but not necessarily at lower field 
strengths. Zimmerman et al. [3] have reported such appear- 
ances at 0.5 T, and Sapponen et al. [2] and Bydder et al. [6] 
have seen similar low SI at 0.17 and 0.15 T, respectively. The 
variable pattern of hematomas on SE scans was recently 
confirmed at 0.5 and even 1.5 T by Seidenwurm et al. [7]. 
Our study also documents the variable, but sensitive, MR 
appearance of hemorrhage on GE images. Gradient echoes 
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Fig. 6. —6-year-old right thalamic he- 
matoma. 

A-D, Spin-density-weighted SE (A), 
T2-weighted SE (B), T1-weighted SE 
(C), and T1-weighted GE (D) MR im- 
ages at 1.0 T. T1-weighted GE image 
is most sensitive in detecting old hem- 
orrhage. 


C 


TABLE 1: Signal-intensity Changes Suggestive of Hemorrhage 








No. That No. That No. That 

Age of Total No. of Decreased on Increased on Decreased on 

Hematoma Hematomas 12-Weighted 1T1-Weighted 1T1-Weighted 

Spin Echo Spin Echo Gradient Echo 
Hyperacute 8 5 2 7 
Acute 19 16 10 19 
Subacute 10 9 10 10 
Chronic 9 7 6 9 
Total 46 37 28 45 





should be intrinsically more sensitive than spin echoes to 
magnetic susceptibility effects [7, 8]. However, there are 
many possible GE pulse sequences with an infinite variety of 
TRs, TEs, and flip angles. This study used a T1-weighted 
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D 


sequence with a 90° flip angle and TR and TE approximating 
those of the T1-weighted SE sequence. Although this GE 
sequence is not clinically popular, it was found to be very 
sensitive to magnetic susceptibility effects, and, importantly, 
it differs by a single variable from the T1-weighted SE image. 
Thus, the SI difference between tissues with stationary spins 
is due primarily to the magnetic susceptibility hetereogeneity 
of local tissue. 

The more popular GE gradient-recalled acquisition in the 
steady state (GRASS) sequences, which use a shorter TR 
and lower flip angle, are difficult to evaluate in terms of 
magnetic susceptibility influence because the relative spin- 
density, T1, and T2 contrast properties differ from those of 
the SE sequences. The GRASS type of GE sequence is not 
more sensitive in the detection of the magnetic susceptibility 
effects of hemorrhage than the T1-weighted GE sequence 
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used in this study. This opinion is based on our experience 
with in vitro blood clots and a limited number of clinical 
hematomas imaged with both types of GE sequences and on 
the comparability of these clinical results (decreased SI in 45 
of 46 hematomas) with those of others using GRASS se- 
quences [1, 3, 7, 8]. However, both types of GE sequences 
are very reliable in detecting hematomas of any age. 

T1-weighted GE scans showed mixed SI patterns with 
regions of hyperintensity simulating those noted on T1- 
weighted SE and/or regions of hypointensity simulating those 
noted on T2-weighted SE. This reflects the sensitivity of T1- 
weighted GE to both T1 and T2* effects. Hypointensity with 
this pulse sequence was also noted at the periphery of acute 
and subacute hematomas, immediately around the hema- 
toma. This may represent a boundary zone between two 
areas of differing magnetic susceptibility (hemorrhage vs nor- 
mal brain). This appearance may mimic the appearance of 
hemosiderin in chronic hemorrhage [8]. 

While our results and the literature show a variable appear- 
ance of intracerebral hemorrhage, a general pattern is found 
in over two thirds of cases. Initially, there is low SI on T1- 
weighted GE scans, and shortly thereafter on T2-weighted 
SE. This appearance is followed by and mixed with areas of 
increased SI on T1-weighted SE. While this pattern is vague 
as to region and age of a hematoma, it is relatively specific in 
terms of determining evidence of hemorrhage. Thus, this 
general pattern is very sensitive for the detection of hemor- 
rhage, which is usually the critical clinical issue. 

in summary, there was no consistent temporal or regional 
SI pattern for intracerebral hematomas examined by a set of 
MR sequences (spin-density-, T1-, and T2-weighted SE and 
T1-weighted GE). However, there was a general pattern that 
effectively defined the presence of hemorrhage. We hypoth- 
esize that the appearance of a hematoma on MR is an indirect 
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measure of individual factors present in the hematoma and 
the surrounding brain. Thus, the diverse appearances of 
hematomas on MR may hold important diagnostic information 
about the surrounding brain. For this information to be more 
meaningful, the biological basis of the individually variable MR 
signals must be understood. 


ACKNOWLEDGMENTS 


We thank Michael Mawad, Barry Horowitz, Randy Blackwell, and 
Marlin Sandlin at The Methodist Hospital for clinical help and Marge 
Eddy for help in manuscript preparation. 


REFERENCES 


1. Gomori JM, Grossman RI, Goldberg Hi, Zimmerman RA, Bilaniuk LT. 
Intracranial hematomas: imaging by high-field MR. Radiology 1985; 
157:87-93 

2. Sipponen JT, Sepponen RE, Tanttu JK, Sivula A. Intracranial hematomas 
studied by MRI at 0.17 and 0.02 T. J Comput Assist Tomogr 1985:9: 
698-704 

3. Zimmerman RD, Heier LA, Snow RB, Liu DPC, Kelly AB, Deck MDF. Acute 
intracranial hemorrhage: intensity changes on sequential MR scans at 0.5 
T. AJNR 1988;9:47-57 

4. Hayman LA, Taber KH, Ford JJ, Bryan RN. Mechanisms of MR signal 
alteration by acute intracerebral blood: old concepts and new theories. 
AJNR (in press} 

5. Gomori JM, Grossman RI, Yu-ip C, Asakura T. NMR relaxation times of 
blood: dependence on field strength, oxidation state, and cell integrity. J 
Comput Assist Tomogr 1987;11:684-690 

6. Bydder GM, Pennock JM, Porteous R, Dubowitz LMS, Gadian DG, Young 
IR. MRI of intracerebral hematoma at low field (0.15T) using T2 dependent 
partial saturation sequences. Neuroradiology 1988;30:367-37 1 

7. Seidenwurm D, Meng T-K, Kowalski H, Weinreb JC, Kricheff ll. Intracranial 
hemorrhagic lesions: evaluation with spin-echo and gradient-refocused MR 
imaging at 0.5 and 1.5T. Radiology 1989;172: 189-194 

8. Edelman RR, Johnson K, Buxton R, et al. MR of hemorrhage: a new 
approach. AJNR 1986:7:751-756 


Jay S. Tsuruda’ 
Ann Shimakawa? 
Norbert J. Pelc? 
David Saloner‘ 


Received August 27, 1990; revision requested 
November 13, 1990; final revision received Decem- 
ber 27, 1990; accepted December 27, 1990. 


' Department of Radiology, Division of Diagnos- 
tic and Interventional Neuroradiology, Box 0628, 
University of California, San Francisco, 505 Parnas- 
sus Ave., San Francisco, CA 94143-0628. Address 
reprint requests to J. S. Tsuruda. 


? General Electric Medical Systems, Milwaukee, 
Wi 53188. 


* Department of Radiology, Stanford University, 
Stanford, CA 94305. 


* Department of Radiology, San Francisco Vet- 
erans Administration Medical Center, and University 
of California, San Francisco, San Francisco, CA 
94143-0628. 


036 1-803X/91 /1571-0139 
© American Roentgen Ray Society 


139 


Dural Sinus Occlusion: Evaluation 
with Phase-Sensitive Gradient-Echo MR 
Imaging 





The purpose of this study was to evaluate the usefulness of limited-flip-angie, phase- 
sensitive velocity imaging with gradient-recalied-echo (VIGRE) MR when combined with 
spin-echo MR in the diagnosis of dural sinus thrombosis. The VIGRE sequence consists 
of a rapid single-slice acquisition, 50/15/2 (TR/TE/excitations), and 30° flip angle. At 
each slice position, a total of four images were reconstructed; these consisted of one 
magnitude image and three images sensitive to proton motion in each orthogonal 
direction. The flow direction and flow velocity (cm/sec) were obtained from each of the 
phase images, and results were correlated with data obtained from a phantom experi- 
ment. in normal controls, dural sinus velocities ranged from a mean of 9.9 to 14.4 cm/ 
sec for the transverse and superior sagittal sinuses, respectively. Three patients with 
proved dural sinus occlusion were studied with spin-echo images at 1.5 T. Three- 
dimensional time-of-flight MR angiography was also performed in one patient. The 
presence of dural sinus occlusion was determined by the lack of flow void on the spin- 
echo images, the absence of phase shift on the VIGRE study, and the presence of 
retrograde flow on the phase image in the sinus proximal to the occluded segment. 
Time-of-flight angiography overestimated the extent of the thrombosis caused by spin 
saturation. Follow-up VIGRE studies detected the formation of collateral flow in one 
patient and recanalization with the establishment of normal antegrade sinus flow in the 
other. 

We conclude that phase-sensitive MR imaging is helpful in establishing the diagnosis 
and extent of dural sinus occlusion. Because of the short acquitition time, selected 
images can be obtained whenever the flow within the dural sinus is in question on a 
routine spin-echo study. Retrograde sinus flow appears to be a sensitive indicator of 
distal sinus occlusion or high-grade obstruction 
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Dural venous sinus thrombosis has been associated with several pathologic 
conditions [1]. Its clinical diagnosis may be difficult because of the wide variety of 
nonspecific findings [2]. Early recognition of this condition may be necessary in 
order to institute prompt therapy [3]. In the past, cerebral angiography or venog- 
raphy was required to establish this diagnosis. Less invasive techniques such as 
CT may indicate the presence of dural sinus occlusion with the findings of the cord 
and delta signs, congested deep subcortical veins, or increased tentorial or gyral 
enhancement [4, 5]. These CT signs may be subtle and easily overlooked. In one 
clinical series on septic lateral sinus thrombosis, the majority of CT examinations 
were completely normal [6]. 

MR imaging has become the method of choice in the noninvasive diagnosis of 
dural sinus thrombosis and may be positive when the CT findings are nondiagnostic 
[5]. Sinus thrombosis may be suggested on the basis of spin-echo (SE) or gradient- 
echo MR imaging alone [4, 5, 7-9]; however, unequivocal distinction between 
venous stasis and physiologic slow flow may be difficult [10]. The interpretation of 
high-intensity signal as flow-related enhancement, and thus as sinus patency, may 
be incorrect in the presence of methemoglobin within thrombus, or with gadopen- 
tetate dimeglumine enhancement. 
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Because of these potential pitfalls, the use of phase-shift 
imaging with SE techniques [10-15], which yields direct 
measurements of blood velocity as well as flow direction, may 
contribute additional MR specificity. More recently, prelimi- 
nary experience with rapid phase-sensitive, limited-flip-angle 
gradient-recalled-echo pulse sequences has been described 
as a method for evaluating portal hypertension, discriminating 
arterial from venous flow as well as clot from slow flow, and 
quantifying blood flow within the carotid arteries [16, 17]. Our 
experience with the use of this method in proved cases of 
dural sinus occlusion is described. 


Materials, Subjects, and Methods 


A velocity-sensitive technique based on phase contrast and gra- 
dient-recalled echoes, VIGRE (velocity imaging with gradient-recalled 
echoes, General Electric Medical Systems), was initially tested with 
a flow phantom. The theory behind phase-shift velocity imaging and 
methods of image reconstruction using this technique are described 
in greater detail elsewhere [17]. Briefly, in the most basic mode, 
VIGRE requires two separate gradient schemes resulting in two views 
that are acquired for each phase-encoding increment. The first view 
is a flow-compensated sequence that results in zero phase shift for 
both stationary spins and spins moving with constant velocity during 
TE. This first view is the equivalent of a conventional GRASS study, 
and the data can be used to reconstruct a magnitude image (Fig. 
1A). The second view is a flow-encoded sequence that uses a slightly 
altered gradient waveform such that the constant-velocity spins ac- 
cumulate a phase shift related to that component of the flow vector 
that lies along the flow-encoding gradient axis. Again, the stationary 
spins do not accumulate any phase shifts. The TR and TE are kept 
constant for both views. From the data acquired with both views, a 
single-phase image is constructed such that the degree of phase shift 
is directly related to the flow velocity at each voxel (Fig. 1B). The flow 
sensitivity for this single-phase image is limited to the vector com- 
ponent parallel to the flow-encoded gradient, which can be selected 
to lie along any one of the three orthogonal directions. Stationary 
voxels in the phase image correspond to the special case of zero 
velocity and appear as intermediate (gray) intensity, representing 
1024-magnitude units. Spatial resolution of the phase-reconstructed 
image is similar to that of a standard MR image. 
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In our clinical examples, the basic VIGRE acquisition described 
above is modified such that the flow-compensated and flow-encoded 
view is repeated three times in an interleaved fashion during each 
phase-encoding increment as a single data set. The purpose for this 
more complex set is to acquire flow information along all three 
orthogonal directions corresponding to the frequency, phase, and 
slice-select axes. As a result, the imaging time is increased by a 
factor of three. The rationale for obtaining separate velocity measure- 
ments in all three axes during a single imaging session is to ensure 
that velocities in vessels that are obliquely oriented to the plane of 
section can be analyzed. The sequences are interleaved to minimize 
motion between flow encodings. The resulting data are then com- 
bined to produce four separate images: a conventional-magnitude or 
GRASS image, a flow image in which pixel intensity is related to the 
flow velocity along the frequency-encoding direction, a flow image in 
which pixel intensity is related to the flow velocity in the phase- 
encoded direction, and a flow image in which pixel intensity is related 
to flow velocity along the slice-select direction. The imaging param- 
eters include 35/15/2 (TR/TE/excitations), 30° flip angle, 4-mm slice 
thickness, 24-cm field of view (FOV), and 192 x 256 matrix. Two 
excitations are performed in order to improve the signal-to-noise 
ratio. Because of the short TR, data acquisition for a complete single 
slice study is 55 sec. Multiple single-slice images can also be pre- 
scribed depending on the area of coverage required. 

Phase-sensitive techniques are sensitive to aliasing artifact if the 
actual velocity within the vessel is greater than the expected velocity 
range. This artifact results in a misrepresentation of flow such that 
the flow direction and actual velocity are displayed incorrectly. To 
avoid this problem, one can specify a peak velocity that controls the 
flow-encoding gradient lobes. In the flow-encoded experiment, the 
gradient lobes are designed so that a spin moving at the specified 
peak velocity accumulates a phase shift of +pi. A spin moving in the 
opposite direction at the specified peak velocity would accumulate a 
phase shift of —pi. This peak velocity specifies the maximum velocity 
that can be resolved without aliasing. On the basis of preliminary 
work (Mattle H, et al. Presented at the annual meeting of the Radio- 
logical Society of North America, November 1989), the peak velocity 
for our patients was set at 50 cm/sec for the analysis of dural sinus 
velocity. Because the sign of the phase shift is recorded, flow 
directionality is displayed by either relative hypointensity or hyperin- 
tensity with respect to the background stationary spins set at 1024- 
intensity units, which is midscale on the phase-reconstructed image. 
The magnitude of the difference between the intensity of the moving 


Fig. 1.—Example of VIGRE images of a nor- 
mal volunteer with acquisition parameters as 
described in the text. 

A, Conventional-magnitude or GRASS image 
through posterior aspect of cranium in coronal 
plane. Hyperintensity within superior sagittal and 
transverse sinuses is due in part to flow-related 
enhancement. 

B, Phase-reconstructed image with flow-sen- 
sitive axis oriented in slice-select (anteroposte- 
rior) direction. Blood moving anteriorly is de- 
picted as a region of hypointensity, such as in 
transverse sinuses (T), whereas blood moving 
posteriorly, such as in superior sagittal sinus (S), 
is hyperintense relative to background stationary 
spins, which are of intermediate intensity. 
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and stationary spins will allow a direct calculation of the velocity 
within the dural sinus. 


VIGRE Calibration and Normal Controls 


An in vitro phantom was constructed with two parallel Plexiglas 
tubes with 3- and 7-mm inner diameters placed in a water bath filled 
with tap water. Tap water circulated through the two tubes by means 
of a nonpulsatile gravity-fed device with mean and peak velocities 
calculated from a timed collection in a graduated cylinder. Actual 
velocities ranged from 2.3 to 122 cm/sec. An assumption was made 
that laminar flow was present in the phantom. Appropriate adjust- 
ments in the peak velocity settings were made for the in vitro VIGRE 
Studies. VIGRE imaging was performed with the long axis of the tube 
oriented perpendicular to the imaging plane. A mean velocity was 
calculated from the phase image by specifying a region of interest 
across the entire cross section of the tube and measuring the mean 
voxel intensity. A peak velocity was also obtained by measuring the 
central voxel with the greatest deviation from 1024. 

Direct coronal images were obtained perpendicular to the superior 
and transverse sinuses in normal volunteers (n = 5; mean age, 30). 
On the phase image, a region of interest was drawn to include the 
entire cross section of the dural sinus, and a mean intensity and 
velocity were obtained. 


Studies in Patients 


Over a 6-month period, we had the opportunity to use the VIGRE 
technique with a 1.5-T imager (General Electric Signa Performance 
Plus, Milwaukee, WI) to examine three inpatients proved to have 
dural sinus occlusion. All patients were initially imaged with a multi- 
slice T1-weighted sagittal sequence, SE 600/20/2, with 5-mm-thick 
slices, a 1-mm interslice gap, a 22-cm FOV, and a 192 x 256 matrix. 
This was followed by a multislice, multiecho T2-weighted sequence, 
2800/30,80/1, with 5-mm-thick slices, a 2.5-mm interslice gap, a 20- 
cm FOV, and a 192 x 256 matrix. Gradient-moment nulling (Flow 
Compensation, General Electric Medical Systems) was used on the 
long TR images. Additional coronal and axial T1-weighted images 
were obtained in selected cases for further anatomic detail. 

After completion of the SE acquisitions, the major dural sinuses 
were viewed on the monitor for the possible use of VIGRE images. 
The criteria for their use in these patients included atypical flow 
features in the dural sinus, such as the lack of flow void; the presence 
of subacute thrombus; replacement or compression of the dural sinus: 
the lack of normal rephasing with the application of gradient-moment 
nulling; and poor visualization of the dural sinus. A midline sagittal 
plane for the VIGRE study was selected to evaluate the entire course 
of the superior sagittal sinus, straight sinus, and torcular Herophili. 
The coronal plane through the posterior fossa was selected to 
evaluate the transverse and superior sagittal sinuses. An axial VIGRE 
image was used to evaluate the distal superior sagittal sinus, torcular 
Herophili, jugular bulb, and occasionally the transverse sinus if this 
vessel was parallel to the axial plane of section. Usually, one to four 
single-slice VIGRE images were obtained during a total acquisition 
time ranging from 55 sec to 3:40 min. 

One patient was also studied with time-of-flight MR angiography 
[18]. This sequence consisted of a flow-compensated, three-~dimen- 
sional, spoiled gradient-echo sequence (50/7/1/15° flip angle) con- 
sisting of 64 0.9-mm-thick partitions, a 23-cm FOV, and a 256 x 256 
matrix. IV gadopentetate dimegiumine was not administered. The 
partitions were oriented in the axial plane. Selective maximum-inten- 
sity-projection reconstructions were performed through the dural 
sinuses. 
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Fig. 2.—In vitro comparison between actual and observed flow velocities 
with VIGRE sequence. Because of velocity range tested, peak velocity was 
set higher than velocity range used in clinical imaging. 


Results 
Phantom Experiments and Normal Controls 


The MR velocity data obtained from the phantom experi- 
ment was compared with the actual flow velocities (Fig. 2). A 
nearly linear relationship was noted between actual and meas- 
ured velocities. In the normal controls, the calculated mean 
velocity was 14.4 cm/sec (range, 10.6-17.5 cm/sec) in the 
superior sagittal sinus and 9.9 cm/sec (range, 2.7-14.2 cm/ 
sec) in the transverse sinus. The greater range of velocities 
in the transverse sinuses was due to developmental asym- 
metry in one patient. In all normal controls, anterior to poste- 
rior flow was demonstrated in the superior sagittal sinus and 
posterior to anterior flow in the transverse sinus. 


Studies in Patients 


The clinical information and imaging findings in the three 
patients are summarized in Table 1. Representative SE and 
VIGRE images from the three patients are depicted in Figures 
3-5. 


Discussion 


MR imaging has become the noninvasive method of choice 
in the evaluation of dural sinus occlusion. Characteristically , 
direct visualization of thrombus within the sinus and loss of 
normal flow void on SE imaging have been reported in clinical 
examples [1, 5, 8, 9, 19, 20]. Initially, acute thrombosis may 
appear as a region of isointensity relative to normal brain 
parenchyma on T1-weighted images (Fig. 4B), becoming pro- 
gressively hyperintense corresponding to the forrnation of 
methemoglobin (Fig. 3E) [20]. in acute thrombosis, the use 
of T2-weighted images alone may be potentially misleading 
since magnetic susceptibility effects, accentuated when im- 
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TABLE 1: Summary of Patients with Dural Sinus Occlusions Studied by Velocity imaging with Gradient-Recalled Echoes (VIGRE) 





Variable Case 1 

Age (years) 79 

Sex F 

History New onset of seizures and left- 
sided weakness 7 days after 
partial resection of posterior 
fossa meningioma 

Pathogenesis Postoperative complication 


Occluded sinus Superior sagittal 


Method of confirmation Clinical course and imaging 
findings 

Loss of normal flow void and 
acute hemorrhagic venous 
infarcts 


Spin-echo findings at site of 
sinus obstruction 


VIGRE findings 

Loss of phase shift Yes 

Retrograde flow Yes 
Therapy Hypervolemic therapy 
Outcome Slow improvement of hemipa- 


resis 


APPAR AAAA ETARA Lap ttt ppp pb ep pt ty pte AVI FR NEVE VIHA ELAM FETTER PRU PUNE AAAA ANANAS UR APY LAA tPA ARAL AAA A NY 


“Pounding” sensations in the 
back of the head with 
findings of papilledema 


Ear pain, poor appetite, 
increased irritability 
with fevers and re- 
troauricular swelling 

Epidural abscess with 
septic thrombosis 

Left sigmoid and trans- 
verse 

Surgical 


Meningioma 

Left sigmoid and transverse 
Surgical 

Loss of normal flow void and 


flow-related enhancement 
on MR angiogram 


Loss of normal flow 
void and dilated ve- 
nous collaterals 


Yes Yes 

Yes Yes 

Debridement and antibi- Meningioma resection 
otics 

Reestablishment of nor- 
mal antegrade flow in 
sinus 


Improved 





aging at high field strengths, can produce hypointense signal 
mimicking flow void [20, 21]. The absence of flow void on SE 
imaging may not necessarily represent thrombosis, since the 
lack of flow void may be confused with flow-related enhance- 
ment or rephasing of spins caused by even-echo rephasing 
and/or gradient-moment nulling [5, 15]. As a result, the sus- 
pected area should be evaluated in multiple planes with both 
long and short TR SE techniques [1]. 

The potential pitfalls of SE imaging can be partially over- 
come by the use of enhancement with gadopentetate dime- 
glumine, which may show nonenhancing thrombus within 
enhancing dural sinus as well as improved delineation of 
venous collaterals [1]. One should also be aware that contrast 
enhancement in the presence of slow-flow states may lead 
to some pitfalls in interpretation (Boyko O. Presented at the 
annual meeting of the Radiological Society of North America, 
November 1990). RF presaturation pulses [22] also may aid 
in identifying flow voids without the presence of flow-related 
enhancement, which on occasion may mimic thrombus. More 
recently, single-slice gradient-recalled-echo MR has proved 
to be valuable in the assessment of sinus patency [7]. Reli- 
ance on gradient-echo techniques alone may be misleading, 
since hyperintense thrombus may mimic flow [23, 24]. In 
addition, the presence of paradoxical enhancement is not a 
quantitative measurement of flow, and the minimum flow rate 
required to yield hyperintensity on either SE or gradient-echo 
images needs further clinical evaluation [7, 10]. 

Phase-contrast MR angiography has been anecdotally 
shown to be helpful in detecting dural sinus occlusion [25]. 
However, the authors in this report did not specify the velocity 
sensitivity with their technique. In addition, their study did not 
supply any information about flow directionality. In one of our 
cases, three-dimensional time-of-flight MR angiography con- 
firmed sinus occlusion by a meningioma. However, the MR 
angiography results were somewhat misleading in that the 
proximal left transverse sinus appeared to be completely 
occluded. This contradicted the finding on both the VIGRE 
and conventional angiographic studies, which showed a pat- 


ent proximal transverse sinus and retrograde filling toward 
the contralateral side. This misleading finding on MR angiog- 
raphy is due to the saturation of spins in this dural sinus 
secondary to the relatively long dwell time within the imaging 
volume. A similar saturation effect was noted in the right 
lateral sinus distal to partial obstruction by an arachnoid 
granulation, in which faint flow-reiated enhancement of the 
right sigmoid sinus and jugular bulb was noted on MR an- 
giography (Fig. 5B). The VIGRE study (Fig. 5D), however, 
showed high flow velocities in this saturated region. The use 
of IV gadopentetate dimeglumine may improve MR time-of- 
flight venoangiography (Okumura R, et al. Paper presented 
at the annual meeting of the Radiological Society of North 
America, November 1990), and if it had been used in this 
patient, the dural sinuses with poor flow-related enhancement 
would have been visualized better. However, we elected not 
to use gadopentetate dimeglumine because of the concern 
that the densely enhancing portions of a meningioma within 
the occluded sinus may simulate flow-related enhancement 
on time-of-flight angiography, especially when the results are 
viewed with the use of a maximum-intensity-projection recon- 
struction algorithm [26]. 

A strong argument could be made that the parameters we 
used for our time-of-flight MR angiography are sensitive only 
for fast flow in arteries and major dural sinuses. In our 
experience, the major dural sinuses in normal subjects are 
adequately visualized with these parameters. This sequence, 
however, is very sensitive to reduced flow states, and there- 
fore is a sensitive indicator of altered flow patterns such as in 
this patient. Multislice two-dimensional time-of-flight MR an- 
giography is more immune to saturation effects. Unfortu- 
nately, this sequence was not available to us when this patient 
(case 3) was studied. However, the VIGRE technique does 
produce a single-slice two-dimensional magnitude image that 
can be used to evaluate the presence of flow-related enhance- 
ment. 

MR velocity imaging based on phase shift is a well-known 
process in which a relationship is established between the 
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Fig. 3.—Case 1: Postoperative superior sag- 
ittal sinus occlusion. 

A and B, SE 2800/30 (A) and SE 2800/80 (B) 
images. Loss of normal flow void (arrow) within 
posterior aspect of sinus represents either oc- 
clusion or slow flow with rephasing due to pres- 
ence of gradient-moment nulling. Portions of 
acute hemorrhagic infarct (h) with T2 shortening, 
surrounding edema (e), and mass effect are 
noted. 

C and D, Conventional (C) and midline VIGRE 
image with flow-sensitive axis in anteroposterior 
direction (D). VIGRE image shows lack of ex- 
pected high signal within distal aspect of sinus 
on magnitude image and corresponding absent 
flow on phase reconstruction (large arrows). 
Proximal aspect of sinus is patent (small ar- 
rows); however, retrograde or anterior flow is 
seen owing to its hypointensity. For reference, 
note that anterior flow direction of normal proxi- 
mal pericallosal (pp) arteries is similarly repre- 
sented by hypointensity, whereas posterior flow 
direction of normal distal pericallosal arteries 
(dp) is represented by hyperintensity. 

E, Follow-up SE 600/20 sagittal midline sec- 
tion shows evolution of subacute thrombus with 
corresponding hyperintensity (arrow) within 
sinus. 

F, Follow-up VIGRE phase image obtained at 
a parasagittal location depicts a developing ve- 
nous Collateral (arrows) with flow directed an- 
teriorly (flow-sensitive axis in anteroposterior di- 
rection). Focus of high signal intensity is noted 
directly anterior to collateral vessel, which rep- 
resents another cortical vein sectioned obliquely 
that has a velocity vector directed posteriorly 
just before it enters proximal superior sagittal 
sinus. 
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relative phase of the transverse magnetization and the flow 
velocity in the direction of the magnetic field gradient [11- 
13]. One method of extracting this information is to introduce 
bipolar (dephasing and rephasing) gradient pulses during an 
imaging sequence [10]. If the protons are stationary, there is 
no net change in phase. If there is net motion of protons, 
there will not be complete rephasing resulting in a net phase 
shift proportional to velocity. If the applied field gradient is 
known, a direct velocity measurement can be estimated [14]. 


The VIGRE technique used in this study is based on these 
principles [17]. Because of the use of a short TR and gradient- 
recalled echoes, data acquisition is reasonably fast and can 
be added to a normal imaging sequence if the SE study is 
equivocal, as was described in the Materials, Subjects, and 
Methods section. In our clinical examples, only a limited 
number of VIGRE images were required to evaluate the sinus 
in question without appreciably increasing the imaging time. 
Flow-sensitive images can be obtained in an interleaved fash- 
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ion along all three orthogonal imaging planes, which we found 
helpful in analyzing obliquely oriented vessels. If necessary, 
velocity analysis in these obliquely oriented vessels can be 
performed by vector addition [12]. Overall, the VIGRE images 
allowed high contrast and conspicuity in identifying flowing 
spins on the clinical studies. 

The phantom study showed reasonable correspondence 
between measured and actual velocities in the useful diag- 
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Fig. 4.—Case 2: Septic lateral sinus throm- 
bosis and epidural abscess. 

A, Contrast-enhanced CT scan through pos- 
terior fossa reveals a left, low-density (large 
arrow), extraaxial mass with an inner rim of 
enhancement (small arrows) representing com- 
pressed dural sinus, inflammatory tissue, and/ 
or venous collaterals. 

B, SE 600/20 coronal MR image at level of 
transverse-sigmoid sinus junction identifies an 
intermediate-signal-intensity extraaxial mass 
(open arrow) with absent flow void at expected 
location of sinus (large solid arrow) and dilated 
venous collaterals through tentorial venous 
channels (small solid arrows). Corresponding 
VIGRE image at this level (not shown) revealed 
absent phase shift in sinus. 

C, Coronal SE 600/20 MR image more poste- 
rior to site of obstruction and through proximal 
transverse sinus. Normal flow void is seen (ar- 
row). 

D, Axial SE 2800/80 MR image through prox- 
imal transverse sinus shows linear high signal 
intensity (arrow) caused by rephasing from ap- 
plication of gradient-moment nulling in presence 
of slow laminar flow. 

E, Coronal VIGRE phase image at same level 
as Fig. 4C confirms that there is flow in proximal 
left transverse sinus (arrow); however, a retro- 
grade flow direction is evidenced by presence 
of hyperintensity, as compared with appearance 
of contralateral sinus (see also Fig. 1B). 

F and G, SE 600/20 (F) and VIGRE (G) MR 
images after drainage of epidural abscess. Re- 
establishment of flow void is noted at trans- 
verse-sigmoid junction (curved arrow). Normal 
flow is also seen in jugular bulb (open arrow). 
VIGRE phase image (flow-sensitive axis oriented 
in anteroposterior direction) at a slightly higher 
level through transverse sinuses depicts rees- 
tablishment of normal antegrade flow, evidenced 
by hypointensity (arrows). 


nostic range for dural sinuses. The known limitations of 
VIGRE, including gradient imperfections, eddy currents, sen- 
sitivity as a function of the peak velocity settings, resolution, 
and the distribution of velocities within the imaging voxel, may 
account for the slight discrepancies between the actual vs 
measured velocities [17]. Similar calibration curves using 
phase mapping have been shown by other investigators [16]. 
The results obtained in the normal controls are interesting in 
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Fig. 5.—Case 3: Left posterior fossa meningioma with sinus occlusion. 
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A, Axial SE 600/20 MR image shows isointense mass (M) involving left transverse-sigmoid sinus junction. There is definite flow void in right transverse 
sinus (solid arrow) and possible flow void in left proximal transverse sinus (open arrow). 

B, MR angiogram, from an axially oriented maximum-intensity projection, shows complete absence of left transverse sinus (small straight solid arrows). 
Unexpected findings are noted on right. A patent right proximal transverse sinus (large straight solid arrow) is seen, along with marked narrowing (open 
arrow) and incomplete flow-related enhancement distally in sigmoid sinus and jugular bulb (curved arrows). 

C, Coronal VIGRE study through mid transverse sinuses shows retrograde flow (hyperintense signal) in left transverse sinus (open arrow) proximal to 
occlusion and faint antegrade flow (hypointense signal) at level of right transverse sinus stricture (solid arrow). 

D, Coronal VIGRE image at level of sigmoid sinus, with flow-encoding axis in superoinferior direction, depicts normal inferior flow (hypointense signal) 
on right (arrow). A similar finding is expected normally on left; however, in this case there is proximal obstruction by tumor. Venous phase from a posterior 
fossa arteriogram (not shown) revealed identical flow patterns in dural sinuses. 

E, Lateral projection, retrograde right transverse sinus venogram, confirms a segmental narrowing and filling defect (arrow) seen initially on MR 
angiography and presumably caused by arachnoid granulation. Pressure measurement across this stricture indicated a moderate gradient of 10 mm Hg. 
It was postulated that complete occlusion of left transverse sinus by a meningioma as well as partial obstruction on the right resulted in venous 


hypertension leading to the finding of papilledema. 


that a range of velocities can be seen within the sinuses, 
particularly in cases of developmental asymmetry. Because 
of this range, any single measurement of the absolute velocity 
of a dural sinus in a given patient may be difficult to interpret. 
Measurement of the actual flow through the sinuses has been 
proposed as an estimate of cerebral perfusion (Mattle et al. 
RSNA, November 1989). More work in this area needs to be 
performed. 

In our series, the presence of dural sinus occlusion was 
determined on the basis of several imaging criteria. First, in 
all instances the normal flow void was not seen on the SE 
images. Second, both the magnitude and phase-reconstruc- 
tion VIGRE images demonstrated diminished or absent flow 


at the point of obstruction owing to the lack of flow-related 
enhancement or phase shift, respectively. Third, if patency is 
seen in the proximal segment of the distally obstructed sinus, 
retrograde flow was noted. This latter finding makes physio- 
logic sense, since normal blood flow is expected to be shunted 
to other collaterals in the case of distal obstruction. With 
further clinical experience, this retrograde sign may prove to 
be quite specific in the diagnosis of sinus occlusion or high- 
grade obstruction. 

Several assumptions are required for VIGRE imaging to be 
applicable in dural sinus thrombosis. First, the absence of 
phase shift alone is insufficient evidence for complete occlu- 
sion since its sensitivity to very slow states (less than 1 cm/ 
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sec) has not been tested by us or others [17]. The finding of 
proximal retrograde flow, therefore, is used as an indirect 
indicator of a hemodynamicaily significant lesion due to either 
high-grade stenosis or obstruction. Second, an assumption 
was made that dural sinus velocity is nonpulsatile, and there- 
fore a gated acquisition was not obtained. We based this 
assumption on other experimental results with a bolus-tag- 
ging technique, which demonstrated no evidence of significant 
pulsatile motion due to the lack of dispersion of the bolus 
boundaries (unpublished results) when imaging the superior 
Sagittal sinus. Even if significant pulsations exist within the 
sinus, VIGRE velocity measurements remain reasonably ac- 
curate [17]. Third, the retrograde flow seen in the proximal 
sinus represents true reversal of flow and not an aliasing 
artifact. This flow reversal was proved angiographically in one 
patient. If an aliasing artifact were present in the other two 
patients, the flow velocities would have been uniformly greater 
than the peak velocity of 50 cm/sec. It would be difficult to 
explain this on a physiological basis. Also, in our experience, 
an aliasing artifact is usually depicted as nonuniform and 
variable signal intensity within the vessel. This was not the 
case in the sinuses demonstrating retrograde flow. 

Overall, owing to its quantitative nature, phase imaging 
adds improved diagnostic confidence in the diagnosis of dural 
sinus occlusion, since the potential pitfalls encountered in 
trying to distinguish between the loss of flow void due to 
physiological MR phenomena and/or slow flow from actual 
occlusion can be reduced. An improvement in study specificity 
leading to an earlier diagnosis may affect patient manage- 
ment, such as with the institution of heparin or urokinase 
therapy [3] or prompt surgical treatment including mastoidec- 
tomy, exposure of the sinus, or incision and drainage in the 
case of septic lateral sinus thrombosis [27]. 

In summary, phase-sensitive limited-flip-angle gradient-re- 
called imaging is an accurate and useful adjunct to SE MR 
imaging and three-dimensional time-of-flight MR angiography 
in the noninvasive diagnosis of dural sinus thrombosis, con- 
firming the development of collateral flow, and determining 
the results of therapy. Retrograde flow in the proximal sinus 
caused by distal obstruction can be readily detected and 
appears to be a specific indicator of sinus occlusion or signif- 
icant obstruction to antegrade flow. Further work needs to 
be performed to determine the sensitivity of VIGRE imaging 
in states of very slow flow. Quantitative phase imaging allows 
insight into the pathophysiological changes of venoocclusive 
disease and shows promise in the further evaluation of normal 
and abnormal flow conditions of both intracranial arteries and 
veins, 
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Pictorial Essay 





Differential Diagnosis of Head and Neck Lesions Based on 
Their Space of Origin. 1. The Suprahyoid Part of the Neck 


H. Ric Harnsberger' and Anne G. Osborn 


This pictorial essay reviews the spaces of the suprahyoid 
portion of the head and neck, focusing on the normal spatial 
anatomy as defined by the deep cervical fascia, the appearance 
of a generic mass in each of the spaces defined, and the unique 
differential diagnoses involved in each individual space. 


The cylindrical soft-tissue core of the extracranial portion 
of the head and neck, excluding the more anterior parts of 
the orbit, sinonasal region, and oral cavity, can be subdivided 
at the hyoid bone into two distinct regions: the suprahyoid 





Fig. 1.—A and B, Axial drawing (A) 
and corresponding MR image (B) of 
normal anatomy of mid nasopharynx. 
Left side of drawing shows critical nor- 
mal anatomy of region. Right side 
shows three layers of deep cervical 
fascia and spaces they define. See key 
on page 148. (Reprinted with permis- 
sion from Harnsberger [2].) 











A 





and infrahyoid portions. The three layers of deep cervical 
fascia that cleave this area of the body into functional spaces 
converge on the hyoid bone, dividing the neck into these two 
parts (Fig. 1) [1, 2]. The suprahyoid area encompasses the 
deep spaces between the skull base and hyoid bone, and the 
infrahyoid portion lies inferiorly between the hyoid bone and 
the clavicles. 

In the suprahyoid area, the three layers of deep cervical 
fascia delineate the individual spaces of the deep part of the 
face (Figs. 1-4). As the contents of these spaces are some- 
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Key to Abbreviations and Symbols Used in Figures 
1 buccinator muscle 

hyoglossus muscle 

intrinsic muscles of tongue 

lateral pterygoid muscle 

masseter muscle 

medial pterygoid muscle 

mylohyoid muscle 

palatoglossus muscle (anterior tonsillar pillar) 

palatopharyngeus muscle (posterior tonsillar 

pillar) 

paraspinal muscles 

platysma muscle 

prevertebral muscles 

sternocleidomastoid muscle 

styloglossus muscle 

superior pharyngeal constrictor muscle 

trapezius muscle 

inferior alveolar nerve (branch of V3) 

lingual nerve (branch of V3) 

facial nerve (Vil) 

glossopharyngeal nerve (IX) 

vagus nerve (X) 

hypoglossal nerve (XII) 

sympathetic plexus 

external carotid artery 

internal carotid artery 

internal maxillary artery 

lingual artery 

facial vein 

jugular vein 

pharyngeal venous plexus 

retromandibular vein 

adenoids 

fauciai tonsil 

parotid gland 

submandibular gland 

submandibular gland duct 

cartilaginous eustachian tube 





what unique, differential diagnostic possibilities can be sug- 
gested when a lesion is identified within a given space (Table 
1). A simple method of assigning a suprahyoid lesion to a 
specific space of origin is accomplished by establishing the 
center of the lesion and assessing its displacement of the 
parapharyngeal space fat (Figs. 5-8) [2, 4]. This method is 
particularly effective in lesions involving the four spaces sur- 
rounding the parapharyngeal space: the pharyngeal mucosal 
(Fig. 5), masticator (Fig. 6), parotid (Fig. 7), and carotid (Fig. 
8) spaces. 

Lesions involving the two midline spaces, the retropharyn- 
geal and prevertebral spaces, are best evaluated by noting 
the relationship of the lesion to the prevertebral muscles. A 
retropharyngeal space lesion displaces the prevertebral mus- 
cles posteriorly (Fig. 9), whereas a prevertebral space lesion 
displaces the muscles anteriorly (Fig. 10) [4]. 

The parapharyngeal space is an area of fatty areolar tissue 
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with complex fascial margins that lies in a central location in 
the deep face (Figs. 1-3). It extends from the skull base to 
the hyoid bone, containing only fat, branches of the trigeminal 
nerve, and the pterygoid venous plexus. In order to definitely 
ascribe a lesion as primary to the parapharyngeal space, fat 
must be identified surrounding the whole circumference of 
the lesion [5]. 

The pharyngeal mucosal space is medial to the parapha- 
ryngeal space. It is delimited by the middle layer of deep 
cervical fascia (Fig. 5). its major contents include the mucosa, 
lymphoid tissues of Waldeyer ring, minor salivary glands, 
cartilaginous eustachian tube, superior and middle constrictor 
muscles, pharyngobasilar fascia, and levator palatini muscles. 
A mass in the pharyngeal mucosal space is centered medial 
to the parapharyngeal space, displacing it laterally (Fig. 5A) 
[2,4 

Anterior to the parapharyngeal space is the masticator 
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Fig. 2.—A and B, Axial drawing (A) 
and corresponding MR image (B) of 
normal anatomy of mid oropharynx. 
Critical contents of spaces are on left; 
three layers of deep cervical fascia are 
on right. See key on page 148. (Re- 
printed with permission from Harnsber- 


ger [2].) 





A 


Fig. 3.—A and B, Coronal drawing (A) with corresponding MR image (B) of normal anatomy of spaces 
of suprahyoid part of neck. Note craniocaudal extent of these spaces, especially parapharyngeal and 
masticator spaces. Critical contents of spaces on left; three layers of deep cervical fascia on right. See 


key on page 148. (Reprinted with permission from Harnsberger [2].) 


space. The superficial layer of deep cervical fascia splits to 
envelop this space. It has a suprazygomatic component (Fig. 
3A) and extends inferiorly to the inferior margin of the man- 
dible. Principal components include the muscles of mastica- 
tion, ramus and posterior body of the mandible, masticator 
and inferior alveolar nerves, and inferior alveolar vein and 
artery. A mass is said to originate from the masticator space 
when its center is anterior to the parapharyngeal space, 
displacing the fat from anterior to posterior (Fig. 6A). Masti- 
cator space malignancy may spread perineurally along the 
mandibular division of the trigeminal nerve into the middle 
cranial fossa (Fig. 6C). 
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Fig. 4.—Axial drawing of skull base shows 
relationship of spaces of suprahyoid part of 
neck to skull base apertures. Foramen ovale 
(FO), through which passes mandibular divi- 
sion of trigeminal nerve, empties into masti- 
cator space, whereas stylomastoid foramen 
(SF) transmits facial nerve directly into pa- 
rotid space. Carotid space receives cranial 
nerves IX-XI from jugular foramen (J) and 
Cranial nerve XII from hypoglossal canal 
(HC). FL = foramen lacerum, FS = foramen 
spinosum, C = carotid canal. See key on 
page 148. (Reprinted with permission from 
Osborn et al. [3].) 


Lateral to the parapharyngeal space is the parotid space. 
It too is circumscribed by the superficial layer of deep cervical 
fascia (Fig. 7A). The superior margin of the parotid space 
abuts the external auditory canal, whereas the parotid tail 
often extends inferiorly below the inferior mandibular margin. 
Important contents include the parotid gland, intraparotid 
facial nerve, retromandibular vein, external carotid artery, and 
lymph nodes. A mass is described as originating in the parotid 
space when it is centered within the parotid gland lateral to 
the parapharyngeal space and displaces the parapharyngeal 
fat from lateral to medial. Associated widening of the stylo- 
mandibular notch (Fig. 7A) is usually seen. Parotid space 
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TABLE 1: Differential Diagnosis of Deep Facial Lesions Based on Their Space of Origin 


a a 





Space/Type of A i : 
Abnormality Possible Diagnosis 
Parapharyngeal 
Pseudomass Asymmetric pterygoid venous plexus 
Congenital Second branchial cleft cyst, atypical 
Inflammatory Infection spreading from adjacent spaces 


Benign tumor 


Malignancy 


Pharyngeal mucosal 


Pleomorphic adenoma of salivary gland rest; lipoma; 
nerve sheath tumors 

Malignant tumor of salivary gland rest; direct spread of 
tumor from adjacent spaces 


Pseudomass Asymmetric fossa of Rosenmüller; mucosal inflammation 
(pharyngitis or radiation) 
Inflammatory Tonsil hypertrophy, tonsillitis, abscess; postinflammatory 


Benign tumor 
Malignancy 


Miscellaneous 


calcification or retention cyst 
Benign mixed tumor of minor salivary gland origin 
Squamous cell carcinoma; non-Hodgkin lymphoma; mi- 
nor salivary gland malignancy; metastases 
Thornwaldt cyst 


Masticator 
Pseudomass Benign masseteric hypertrophy; accessory parotid gland; 
denervation atrophy (mandibular division V) 
Congenital Hemangioma/lymphangioma 
Inflammatory Odontogenic abscess, mandibular osteomyelitis 
Benign tumor Leiomyoma; nerve sheath tumor 
Malignancy Sarcoma (soft tissue, chondrosarcoma, osteosarcoma); 
malignant schwannoma; non-Hodgkin lymphoma; man- 
dibular metastases; squamous cell carcinoma from or- 
opharynx 
Parotid 
Congenital First branchial cleft cyst; hemangioma/lymphangioma 
Inflammatory Abscess/cellulitis/reactive adenopathy; benign lymphoep- 


Benign tumor 


ithelial cysts (AIDS); autoimmune/Sjogren syndrome 
Benign mixed tumor (pleomorphic adenoma); Warthin tu- 
mor; lipoma 


Malignancy Mucoepidermoid carcinoma; adenoid cystic carcinoma; 
non-Hodgkin lymphoma; malignant mixed tumor; 
other: acinar cell carcinoma, adenocarcinoma, squa- 
mous cell carcinoma 

Metastases Skin squamous cell carcinoma or melanoma; breast or 
lung carcinoma; nodal non-Hodgkin lymphoma 

Carotid 

Pseudomass Ectatic common or internal carotid artery; asymmetric 
internal jugular vein 

Inflammatory Carotid space cellulitis or abscess 

Vascular Jugular vein thrombosis or thrombophlebitis; internal ca- 


Benign tumor 


rotid artery mural thrombus, aneurysm; internal carotid 
artery dissection 

Paraganglioma; nerve sheath tumor (schwannoma, neu- 
rofibroma) 


Malignancy Squamous cell carcinoma nodal metastasis; direct inva- 
sion by primary squamous cell carcinoma; non-Hodg- 
kin lymphoma; metastases 

Retropharyngeal 

Pseudomass Tortuous carotid artery; edema secondary to deep ve- 
nous obstruction 

Congenital Hemangioma 

Inflammatory Reactive adenopathy/cellulitis/abscess 

Benign tumor Lipoma 

Malignancy Nodal metastases from squamous cell carcinoma, mela- 
noma, thyroid carcinoma, non-Hodgkin lymphoma; di- 
rect invasion from primary squamous cell carcinoma 

Prevertebral 

Pseudomass Vertebral body osteophyte/anterior disk herniation 

Vascular Vertebral artery aneurysm, pseudoaneurysm, ectasia 

Inflammatory Vertebral body osteomyelitis 


Benign tumor 


Malignancy 


Chordoma; schwannoma, neurofibroma (brachial plexus); 
vertebral body benign bony tumors 

Vertebral body/epidural metastasis; non-Hodgkin lym- 
phoma; vertebral body primary malignant tumor 
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Fig. 5.—A, Axial drawing through 
low nasopharynx shows contents and 
fascial boundaries of pharyngeal mu- 
cosal space (PMS) on left and pharyn- 
geal mucosal space mass on right. Mid- 
dle layer of deep cervical fascia (dotted 
line) encompasses posterolateral mar- 
gin of superior constrictor muscle, de- 
fining pharyngeal mucosal space. Cen- 
ter of pharyngeal mucosal space mass 
(black dot) is medial to laterally dis- 
placed parapharyngeal space (black 
area), invading parapharyngeal space 
from medial to lateral. m = muscle. 
(Reprinted with permission from Harns- 
berger [4].) 

B, Axial density-weighted MR image 
in patient with early nasopharyngeal 
carcinoma (N) in lateral pharyngeal re- 
cess of nasopharyngeal mucosal 
space. p = parapharyngeal space. 
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Fig. 6.—A, Axial drawing through low nasopharynx shows contents 
and fascial boundaries of masticator space on left and appearance 
of masticator space mass (MS) on right. Superficial layer of deep 
cervical fascia surrounds muscles of mastication and mandible, de- 
fining masticator space. Center of masticator space mass (black dot) 
is anterior to posteriorly displaced parapharyngeal space (black 
area), invading parapharyngeal space from anterior to posterior. See 
key on page 148. (Reprinted with permission from Harnsberger [4].) 

B, Axial T1-weighted unenhanced MR image of masticator space 
chondrosarcoma (C). Tumor involves muscles of mastication and 
mandible. 

C, Coronal MR image of masticator space malignant schwannoma 
(S) with perineural tumor spread along mandibular division of trigem- 
inal nerve (arrows) to skull base and through foramen ovale. p = 
parapharyngeal space. 





malignancy may follow the facial nerve into the temporal bone sheath that circumscribes this space (Fig. 8A). This space 
(Fig. 7C). extends from the skull base to the aortic arch. Its suprahyoid 

Posterior to the parapharyngeal space is the carotid space. contents include the internal carotid artery, jugular vein, cra- 
All three layers of deep cervical fascia contribute to the carotid nial nerves IX-XII, and deep cervical lymph node chain. A 
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Fig. 7.—A, Axial drawing through low nasopharynx shows contents and 
fascial boundaries of parotid space on left and appearance of a parotid 
space mass (PS) on right. Superficial layer of deep cervical fascia sur- 
rounds parotid gland and its contents, defining parotid space. Center of 
mass (black dot) is lateral to medially displaced parapharyngeal space 
(black area), invading parapharyngeal space from lateral to medial. See 
key on page 148. (Reprinted with permission from Harnsberger [4].) 

B, T1-weighted axial MR image in a patient with a large benign mixed 
tumor (BMT) of parotid space that widens stylomandibular notch (dotted 
line) and impinges on fatty parapharyngeal space from lateral to medial 
(open arrow). Note lack of identifiable fat plane between remaining normal 
parotid gland and mass (solid arrows). 

C, Mucoepidermoid carcinoma of parotid space with perineural tumor 
following mastoid segment of facial nerve. Coronal T1-weighted MR image 
shows an intraparotid tumor (T) with a long “tail” extending to posterior 
genu of facial nerve canal within adjacent temporal bone along mastoid 
segment of facial nerve (arrows). 
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Fig. 8.—A, Axial drawing through 
low nasopharynx shows contents and 
fascial boundaries of carotid space on 
left and appearance of a carotid space 
mass (CS) on right. All three layers of 
deep cervical fascia contribute to ca- 
rotid sheath, which circumscribes ca- 
rotid artery, jugular vein, and associ- 
ated cranial nerve and lymph nodes, 
defining carotid space. Center of mass 
(black dot) is posterior to anteriorly dis- 
placed parapharyngeal space (black 
area), invading it from posterior to an- 
terior. a = artery, v = vein. (Reprinted 
with permission from Harnsberger [4].) 

B, Glomus vagale paraganglioma of 
nasopharyngeal carotid space. Axial 
T1-weighted MR image of a right ca- 
rotid space paraganglioma (PG) shows 
anterior displacement of parapharyn- 
geal space fat (P). Plethora of serpigi- 
nous vascular flow voids within tumor 
signals its vascular nature and proba- 
ble histology. Right internal carotid ar- 
tery is thrombosed. j = internal jugular 
vein. 
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Fig. 9.—A, Axial drawing of extra- 
nodal mass lesion of retropharyngeal 
space (RPS) at level of oropharynx 
causing posterior displacement of pre- 
vertebral muscles (arrows) within pre- 
vertebral space proper (PVS) and an- 
terior displacement of pharyngeal mu- 
cosal space (PMS). Note somewhat 
“bow tie” shape of retropharyngeal 
space mass. See key on page 148. 
(Reprinted with permission from Harns- 
berger [4].) 

B, Squamous cell carcinoma of pos- 
terior wall of oropharynx invading ad- 
jacent retropharyngeal space. En- 
hanced axial CT scan shows tumor (T) 
within oropharyngeal retropharyngeal 
space. Pharyngeal mucosal space 
(broken line) is displaced anteriorly, 
whereas prevertebral muscles (p) are 
flattened along their anterior surface. 

C, Axial drawing through low naso- 
pharynx shows appearance of nodal 
mass lesion of retropharyngeal space 
(RPS), which has its center (black dot) 
posteromedial to parapharyngeal 
space (black area) and displaces it an- 
terolaterally (compare with Fig. 8A). 
Carotid space masses can be confused 
with lateral retropharyngeal space le- 
sions unless there is awareness of their 
unique characteristics. Key differential 
feature is direction of displacement of 
carotid space contents, especially ca- 
rotid artery. In lateral retropharyngeal 
space masses, internal carotid artery 
is displaced laterally. (Reprinted with 
permission from Harnsberger [4].) 

D, Malignant squamous cell carci- 
noma node within lateral nodal chain 
of retropharyngeal space. Density- 
weighted MR image through low naso- 
pharynx reveals a lateral retropharyn- 
geal space malignant node (N) that 
displaces internal carotid artery (c) 
posterolaterally, parapharyngeal space 
fat (black p) anterolaterally, and pre- 
vertebral muscle (white p) posteriorly. 


Fig. 10.—A, Axial drawing at level of 
low oropharynx shows a mass lesion 
originating within prevertebral space 
(PVS) proper with anterior displace- 
ment of prevertebral muscles (arrows), 
retropharyngeal space (RPS), and pha- 
ryngeal mucosal space (PMS). As is 
commonly the case in infection and ma- 
lignancy of the prevertebral space, ver- 
tebral body is partially destroyed by 
lesion. See key on page 148. (Re- 
printed with permission from Harnsber- 
ger [4]. 

B, Colonic metastasis to lower clivus 
with extension into adjacent preverte- 
bral space. Axial T1-weighted MR im- 
age shows clival colonic metastatic 
deposit (CM) extending into adjacent 
prevertebral space (asterisks). Pre- 
vertebral muscles (m) are displaced 
anteriorly. 
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mass lesion is primary to the carotid space when it is centered 
posterior to the parapharyngeal space and displaces it ante- 
riorly (Fig. 8B). 

The retropharyngeal space is a posterior midline space that 
has the middle layer of deep cervical fascia as its anterior 
margin and the deep layer of deep cervical fascia as its 
posterior and lateral margins (Fig. 9A). It extends from the 
skull base to the level of the T3 vertebral body. The supra- 
hyoid retropharyngeal space contains only lymph nodes and 
fat. When disease affects the retropharyngeal space diffusely, 
the prevertebral muscles are seen to be displaced posteriorly 
(Fig. 9B). When the mass occurs in the laterally placed nodes, 
it will impinge on the parapharyngeal space posteromedially 
(Figs. 9C and 9D). 

The prevertebral space proper is defined by the deep layer 
of deep cervical fascia as it passes superficial to the prever- 
tebral muscles to attach to the cervical transverse processes 
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(Fig. 10A). This space contains the prevertebral muscles; the 
vertebral body, artery, and vein; and the spinal cord. A lesion 
originates from the prevertebral space proper when it dis- 
places the prevertebral muscles anteriorly (Fig. 10B). 
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Pictorial Essay 





Differential Diagnosis of Head and Neck Lesions Based on 
Their Space of Origin. 2. The Infrahyoid Portion of the Neck 


Wendy R. K. Smoker'* and H. Ric Harnsberger' 


The infrahyoid portion of the neck can be considered as a 
series of contiguous fascial planes and intervening spaces that 
lend themselves well to axial imaging. These spaces can serve 
as a basis on which to formulate differential diagnoses for dis- 
eases in this region. This pictorial essay describes the fascia and 
fascial spaces of the infrahyoid portion of the neck. The contents 
of each space, the common abnormalities affecting the space, 
and the characteristic displacements produced by disease in 
each space are reviewed. 


Anatomy 


The two major fascial layers of the infrahyoid neck are the 
superficial and deep cervical fasciae. The more important 
deep cervical fascia comprises three distinct layers, the su- 
perficial, middle, and deep layers, and cleaves the infrahyoid 
portion of the neck into a number of fascial spaces [1]. 

Completely surrounding the neck, the superficial layer of 
deep cervical fascia lies deep to the skin and superficial 
cervical fascia, extending from the skull base to the clavicles 
and scapulae. It splits to enclose a number of muscles and 
contributes to formation of the carotid sheath (Fig. 1). The 
space external to the superficial layer of deep cervical fascia 
is the superficial space. 

Extending from the hyoid bone anteriorly, the middle layer 
of the deep cervical fascia envelops the anterior infrahyoid 
strap muscles and merges with the superficial layer. A portion 
of the middle layer splits to enclose the contents of the visceral 
space (Fig. 2). Posteriorly, the middle layer extends from the 
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skull base to the upper mediastinum, forming the anterior wall 
of the retropharyngeal space and contributing to formation of 
the carotid sheath. 

The deep layer of the deep cervical fascia encircles the 
paraspinous and prevertebral muscles and associated struc- 
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Fig. 1.—Axial line diagram illustrates superficial layer of deep cervical 
fascia (bold lines). This fascia splits to enclose sternocleidomastoid and 
trapezius muscles, forms a sling around inferior belly of omohyoid muscle 
(anchoring it to clavicle), and contributes to formation of carotid sheath. 
External jugular veins lie external to, or embedded within, this fascial layer. 
Superficial space, external to deepest fibers of superficial layer, contains 
platysma, sternocleidomastoid, inferior omohyoid, and trapezius muscles 
and external jugular veins. m = muscle, v = vein. 
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Fig. 2.—Axial line diagram illustrates middle layer of deep cervical 
fascia (bold lines). This layer envelops anterior strap muscles and fuses 
with superficial layer anteriorly. Main portion of middle layer forms a fascial 
sheath around contents of visceral space (vs). A capsule for thyroid gland 
is formed by a splitting of middle layer. Posteriorly, middle layer forms 
anterior wall of retropharyngeal space, contributes to formation of carotid 
sheath, and merges with superficial layer covering deep surface of ster- 
nocleidomastoid muscle. n = nerve. 
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Fig. 3.—Axial line diagram illustrates deep layer of deep cervical fascia 
(bold lines). Anterior aspect of deep layer splits into alar (anterior) and 
prevertebral (posterior) portions, forming danger space. Alar portion (ar- 
rowheads) forms lateral and posterior walls of retropharyngeal space and 
contributes to formation of carotid sheath. (Anterior wall of retropharyngeal 
space is formed by middle layer of deep cervical fascia [dotted line]). 
Attaching to transverse processes, the major prevertebral portion subdi- 
vides prevertebral space into anterior prevertebral space proper (A) and 
posterior paraspinal portion of prevertebral space (P). m = muscle, n = 
nerve, a = artery, v = vein. 


tures (Fig. 3). Attaching to the transverse processes, the deep 
layer subdivides the prevertebral space into the prevertebral 
space proper and the paraspinal portion of the prevertebral 
space. Anteriorly the deep layer splits into two portions. The 
more anterior alar portion, forming the posterior and lateral 
walls of the retropharyngeal space and contributing to carotid 
sheath formation, extends from the skull base to the dia- 
phragm. The more posterior prevertebral portion extends 
from the skull base to the coccyx. The space created by the 
anterior splitting of the deep layer is called the danger space 
(Figs. 4 and 5) [1, 2]. 
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Fig. 4.—Axial line diagram shows spaces of infrahyoid portion of neck. 
Note how anterior and posterior cervical spaces (stippled area) lie among 
other deep spaces of neck. 
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Fig. 5.—Midsagittal line diagram shows fascial layers and spaces of 
infrahyoid portion of neck. Note that termination of retropharyngeal space 
is caused by fusion of middle layer and alar portion of deep layer of deep 
cervical fascia in upper thoracic region. However, infections within retro- 
pharyngeal space may transgress thin alar fascia and continue inferiorly 
via danger space, below termination of retropharyngeal space. 


Spaces of the Infrahyoid Portion of the Neck 


The carotid spaces are circumscribed by the carotid 
sheaths, composed of all three layers of deep cervical fascia. 
The carotid spaces contain the internal jugular veins, common 
or internal carotid arteries, and vagus nerves. The sympa- 
thetic plexus is embedded in the medial sheath walls. Numer- 
ous lymph nodes of the deep cervical chain are also enmeshed 
within the sheaths. Typical displacements of surrounding 
structures produced by a carotid space mass are illustrated 
in Figure 6. Diseases common to the carotid space include 
carotid body paragangliomas (Fig. 7), neurogenic tumors, 
internal jugular vein thrombophlebitis (Fig. 8), vascular pseu- 
dotumors (asymmetric internal jugular vein, ectatic carotid 
artery), and isolated nodal disease (inflammatory or neoplas- 
tic). 
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Fig. 6.—Mass in carotid space. Axial line 
diagram illustrates typical displacements of 
Surrounding spaces (arrowheads). 

















Fig. 7.—Paraganglioma in carotid space. 
Axial MR image, 750/25 (TR/TE), reveals nor- 
mal flow voids that localize normal right carotid 
space vessels (dots). Splaying of proximal left 
internal and external carotid arteries (straight 
arrows) plus compression and posterior dis- 
placement of left internal jugular vein (curved 
arrow) localizes lesion to left carotid space. 


Fig. 8.—Thrombosis and thrombophlebitis of jugu- 
lar vein in carotid space. Axial T1-weighted MR image, 
1000/20 (TR/TE), enhanced with gadopentetate di- 
meglumine shows thrombosis of right internal jugular 
vein (dot) and marked inflammatory changes in right 
carotid space. Right sternocleidomastoid muscle (M) 
and anterior strap muscles (m) are enlarged. Right 
anterior cervical and retropharyngeal spaces (arrow- 
heads) also are enhanced. c = common carotid artery. 





Fig. 9.—Mass in visceral space. Axial line 
diagram depicts characteristic displace- 
ments of surrounding spaces (arrowheads). 


Fig. 10.—Colloid cyst in visceral space. Enhanced 
CT scan shows large cyst involving left lobe of thyroid; 
displacement of other visceral space structures to 
right, across midline; and lateral displacement of ca- 
rotid space vessels bilaterally (dots), left greater than 
right. Although right lobe of thyroid gland (T) is well 
visualized, left lobe is represented by thin rim of 


Fig. 11.—Thyroglossal duct cyst in visceral 
space. Enhanced CT scan localizes lesion to 
superficial aspect of visceral space by showing 
that, in addition to lying deep to platysma muscle 
(arrows), lesion also lies deep to, and is em- 
bedded within, anterior strap muscles. A faint fat 
plane is visible between cyst and displaced strap 


enhancing tissue (arrowheads) around cyst. 


The visceral space is delimited by the middle layer of deep 
cervical fascia (Fig. 2). The visceral space contains the thyroid 
and parathyroid glands, trachea, esophagus, paraesophageal 
nodes, and recurrent laryngeal nerves. A diagram of the 
typical displacements of surrounding spaces produced by a 
visceral space mass is presented in Figure 9. Thyroid gland 
disease (cysts [Fig. 10], carcinomas, adenomas, multinodular 
goiters) predominates in this space, with parathyroid and 
esophageal disease being much less common. As most thy- 
rogiossal duct cysts are embedded in the anterior strap 


muscles (arrowheads). 


muscles (which are enclosed by the middle layer of deep 
cervical fascia), they are also considered to lie within the 
visceral space (Fig. 11). 

Although separately defined fascial spaces, the retropha- 
ryngeal and danger spaces are considered together, because, 
within the infrahyoid portion of the neck, disease affecting 
these spaces cannot be differentiated radiologically. From a 
Clinical standpoint, the danger space is important because, 
terminating at the level of the diaphragm, it represents a 
pathway by which retropharyngeal space infections may con- 
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tinue inferiorly in the posterior mediastinum (Fig. 5) [3]. These 
spaces contain only fat in the infrahyoid portion of the neck, 
and disease in them presents a somewhat characteristic bow- 
tie appearance (Fig. 12) [4]. These spaces are most often 
involved by infection (Fig. 13), hematoma, extranodal met- 
astatic disease, lipomas, or edema associated with internal 
jugular vein thrombosis or lymphatic obstruction [4]. 

The prevertebral space is delimited by the deep layer of 
deep cervical fascia (Fig. 3). It contains the prevertebral, 
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Fig. 12.—Mass in retropharyngeal space. 
Axial line diagram shows characteristic dis- 
placements of surrounding spaces (arrow- 
heads). 


Fig. 13.—Abscess in retropharyngeal space. 
Enhanced CT scan shows visceral space and 
prevertebral space proper widely separated by 
abscess. Longus colli muscles (c) are com- 
pressed posteriorly and vessels in carotid 
spaces are displaced bilaterally (dots). This le- 
sion cannot be localized to retropharyngeal vs 
danger spaces on the basis of CT scan. 


Fig. 14.—Mass in prevertebral space. Axial 
line diagram illustrates typical displacements of 
surrounding spaces produced by a lesion involv- 
ing both prevertebral space proper and paraspi- 
nal portion of prevertebral space (arrowheads). 


Fig. 15.—Abscess in prevertebral space. En- 
hanced CT scan shows abscess involving pre- 
vertebral space proper after interbody cervical 
fusion. Abnormality can be compartmentalized 
by observing abnormal enhancement and en- 
largement of longus colli muscles bilaterally 
(dots). (Bone windows [not shown] also re- 
vealed vertebral body destruction.) Although 
perceived separation between visceral space 
and vertebral body might suggest mass in ret- 
ropharyngeal space, configuration of this lesion 
is not characteristic for disease of retropharyn- 
geal space, and longus colli muscles are not 
compressed posteriorly, as was seen in Fig. 13. 


Fig. 16.—Mass in anterior cervical space. 
Axial line diagram depicts typical surrounding 
fascial space displacements (arrowheads). 


Fig. 17.—Lipoma in anterior cervical space. 
Enhanced CT scan shows marked compression 
and displacement of left sternocleidomastoid 
muscle (s), posteromedial displacement of ca- 
rotid space vessels (dots), and slight compres- 
sion of left lobe of thyroid gland (T). 


paraspinal, and scalene muscles; vertebral artery and vein; 
vertebral body; and spinal cord. A line diagram of the char- 
acteristic displacements of surrounding spaces produced by 
a lesion involving both the prevertebral space proper and the 
paraspinal portion of the prevertebral space is presented in 
Figure 14. The prevertebral space proper can be involved by 
infection (osteomyelitis/diskitis) (Fig. 15), chordomas, pseu- 
domeningoceles associated with brachial plexus avulsions, 
and a variety of pseudotumors (anterior herniated disks, 
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Fig. 18.—Mass in posterior cervical space. 
Axial line diagram illustrates characteristic dis- 
placements of surrounding spaces (arrow- 
heads). 


vertebral osteophytes, longus colli tendon calcification). The 
paraspinal portion of the prevertebral space can be involved 
by a variety of primary bone tumors (osteoblastoma, chor- 
doma, aneurysmal bone cysts) and by the pseudotumor ap- 
pearance of levator scapulae muscle hypertrophy accompa- 
nying injury to the spinal accessory nerve. Lymphomas, met- 
astatic disease, and neurogenic tumors may involve either 
compartment. 

The anterior and posterior cervical spaces are situated 
among the other spaces of the infrahyoid portion of the neck, 
with complex fascial boundaries involving all three layers of 
deep cervical fascia (Fig. 5). Because they are primarily fat 
filled, these spaces typically provide symmetric imaging land- 
marks on axial imaging. Isolated disease of the anterior cer- 
vical space produces characteristic displacements of sur- 
rounding fascial spaces (Fig. 16) and is limited to lipomas (Fig. 
17) and more inferiorly located second branchial cleft cysts. 
Disease isolated to the posterior cervical space is much more 
common and easily localized by displacement of surrounding 
fascial spaces (Fig. 18). Cystic hygromas/lymphangiomas, 
lipomas, liposarcomas, and third branchial cleft cysts occur 
within this space. Because it contains the spinal accessory 
lymph node chain, the posterior cervical space is also com- 
monly affected by both inflammatory and malignant nodal 
disease (Fig. 19). 


Fig. 19.—Malignant node in posterior cervical space. Fig. 
Axial T1-weighted MR image, 600/20 (TR/TE), enhanced 
with gadopentetate dimeglumine, reveals nodal disease 
of the spinal accessory chain of the left posterior cer- 
vical space in a patient with Hodgkin lymphoma. Note 
marked deformity of external neck contour (arrows), 
flattening of muscles in paraspinal portion of preverte- 
bral space (arrowheads), anterior displacement of ster- 
nocleidomastoid muscle (dots), and anteromedial dis- 
placement of left carotid artery (A). 


20.—Multispatial tularemia. En- 
hanced CT scan shows a large suppurative 
node in external aspect of superficial space 
(N) with thickening and enhancement of 
overlying skin (white arrows) and underlying 
platysma muscle (black arrow). Suppurative 
adenopathy is also present bilaterally in 
deep cervical chain nodes of carotid spaces 
(arrowheads), and smaller, reactive-appear- 
ing nodes are present in spinal accessory 
nodes of posterior cervical spaces (dots). 


Although often isolated to a single space, disease of the 
infrahyoid part of the neck may involve many spaces simul- 
taneously. This is especially common with nodal disease 
involving the major node-bearing spaces (deep cervical chain 
of the carotid space and spinal accessory chain of the pos- 
terior cervical space). Discrete involvement of these nodes 
presents a pattern of multispatial disease and is most often 
seen with lymphoma, infection (Fig. 20), and nodal metastatic 
disease (especially squamous cell carcinoma metastases). 

Knowledge of the fascial planes and spaces, their contents, 
the characteristic displacements of surrounding spaces pro- 
duced by disease isolated to each space, and the common 
abnormalities affecting each space allows an organized ap- 
proach to the evaluation of infrahyoid neck disease. 
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News 


Robert H. Ackerman, 1991-1992 Distinguished Scientist, 
Armed Forces Institute of Pathology 


James L. Buck’ 


Robert H. Ackerman will 
serve as the Distinguished 
Scientist in the Department 
of Radiologic Pathology, 
Armed Forces Institute of 
Pathology (AFIP), for the 
academic year July 1, 1991, 
through June 30, 1992. 

Dr. Ackerman currently is 
an associate professor of 
radiology at Harvard Medi- 
cal School and a radiologist 
and neurologist at Massa- 
chusetts General Hospital, 
where he also is director of the neurovascular laboratory. He 
is certified by the American Board of Radiology (diagnostic 
radiology) and the American Board of Psychiatry and Neurol- 
ogy (neurology). 

His major research interests have been in stroke disease, 
especially in the application of radiologic tools to better identify 
and treat patients who are stroke-prone or who have just had 
a stroke. He helped pioneer the development of noninvasive 
techniques for the diagnosis of carotid disease and the use 
of positron emission tomography in the study of ischemic 
stroke and has been program director of the Interdepartmen- 
tal Stroke Center, Massachusetts General Hospital, funded 
by the National Institutes of Health. His bibliography includes 
nearly 100 scientific publications on neurovascular disease. 
He is on the editorial boards of the American Journal of 





Neuroradiology, Stroke, and the Archives of Neurology. 

Dr. Ackerman received his B.A. degree from Brown Univer- 
sity in 1957 and his M.D. degree from the University of 
Rochester in 1964. He interned at the Mary Imogene Bassett 
Hospital in Cooperstown, NY, and completed his residencies 
in neurology (1970) and radiology (1975) at the Massachu- 
setts General Hospital. In 1970-1971, he was a Dalton 
Scholar at the Neurological Institute Queen Square, London, 
England, where he studied techniques used to measure cer- 
ebral blood flow. 

The Distinguished Scientist program in the Department of 
Radiologic Pathology was established in 1985 through the 
efforts of the director of the AFIP, the American Registry of 
Pathology, and the four major radiologic societies represented 
on the Conjoint Committee on Radiology at the AFIP. The 
current members of this committee include Mark M. Mishkin, 
chairman, American College of Radiology; Ernest J. Ferris, 
Radiological Society of North America; John E. Madewell, 
American Roentgen Ray Society; and Thomas S. Harle, As- 
sociation of University Radiologists. Otha Linton, associate 
executive director of the American College of Radiology, is 
the liaison between the committee and the AFIP. The Depart- 
ment of Radiologic Pathology is grateful for the continued 
generous support of these individuals and organizations. 

The Distinguished Scientist program at the AFIP has been 
a huge success. The previous Distinguished Scientists have 
made and continue to make important contributions to the 
research and educational programs at the AFIP. No doubt, 
Dr. Ackerman will continue this fine tradition. 
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Radiologic Evaluation of the 
Normal and Diseased Posterior 
Cervical Space 





The posterior cervical space seen on cross-sectional imaging of the neck constitutes 
most of the posterior triangle seen on clinical examination. Although triangutar anatomy 
relates best to the surface perspective of the clinician, a spatial approach to anatomy 
works better for the radiologist viewing axial images. The posterior cervical space is 
defined as the area in the posterolateral portion of the neck from the skull base to the 
clavicles deep to the sternomastoid and trapezius muscles but superficial to the 
prevertebral space. Its principal contents are fat, the spinal accessory nerve, and lymph 
nodes. We analyzed CT and MR images and clinical records of 63 patients known or 
suspected to have disease of the posterior cervical space to determine the imaging 
features that mark a lesion as originating in the posterior cervical space and the spectrum 
of diseases that arise there. Of the 63 patients in the study, four had clinical pseudo- 
masses, nine had congenital lesions, 10 had inflammatory disease, six had benign 
tumors, and 34 had malignant tumors. A typical mass lesion of the posterior cervical 
space was centered within the fat of the space, between the deep and superficial layers 
of the deep cervical fascia. Characteristic displacements caused by a mass in the 
posterior cervical space included anteromedial displacement of the carotid space and 
posteromedial displacement of the prevertebral space. 

Our study shows that the differential diagnosis of lesions of the posterior cervical 
space reflects the normal contents of the space, and that diagnosis can thereby be 
predicted from knowledge of the normal anatomy and contents of the space. 
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The posterior cervical space (PCS) constitutes a major portion of the posterior 
triangle of the neck, a term that has long been used by anatomists and clinicians 
when referring to the posterior and lateral aspects of the neck [1]. The posterior 
triangle continues to be a useful term for describing the location of a mass in the 
posterolateral aspect of the neck between the posterior margin of the sternomas- 
toid muscle and the anterior margin of the trapezius muscle during palpation. 
However, as it is primarily a two-dimensional, longitudinal concept, it is difficult to 
apply accurately during interpretation of cross-sectional images (CT or MR), partic- 
ularly in the axial plane. 

The term posterior cervical space was originally introduced when neck infections 
in the posterior triangle of the neck were described (Fig. 1) [2]. Recent authors 
have applied this term to the space seen on CT and MR posteromedial to the 
sternomastoid muscle from the skull base to the clavicies [3, 41. 

We performed a retrospective review of patients with lesions in the PCS in order 
to identify the specific features on CT or MR images that indicate that a lesion has 
originated in the PCS. The study was also undertaken to identify the spectrum of 
diseases occurring in the PCS. 


Materials and Methods 


Clinical and radiologic records of 63 patients with known or suspected abnormalities in the 
PCS who underwent imaging between 1981 and 1990 were analyzed. These records were 
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Fig. 1.—A, Axial drawing through infrahyoid neck at level of thyroid gland shows posterior cervical space (black area) and bordering spaces. Superficial 


space (asterisks). 


B, Lateral drawing of posterior cervical space shows normal contents of space and structures of its floor. Spinal accessory lymph node chain angles 
anteromedially toward apex of deep cervical nodal chain (arrow), ending at jugulodigastric node (asterisk) beneath sternomastoid muscle. V = vein, m= 


muscle, n = nerve, a = artery. 


reviewed to determine the age and sex of the patients and the 
diagnoses, which were established pathologically in all cases except 
when CT findings (e.g., typical density in a lipoma) were diagnostic. 
Of the 63 study patients, 40 were male and 23 were female, ranging 
from 6 months to 77 years. All imaging studies were reviewed by 
two radiologists to identify characteristic imaging features of a mass 
in the PCS. 

Of the 63 patients, 60 underwent CT scanning; in 54 of the 60, 
bolus-drip IV contrast enhancement was used. CT scanning was 
performed on a Siemens Somatom 2 (Siemens, Iselin, NJ) or a GE 
9800 (General Electric Medical Systems, Milwaukee, WI) scanner. 
Contiguous 4- or 5-mm axial images were obtained in all cases. 

MR imaging was performed with a GE Signa scanner in eight 
patients. Axial short and long TR images were obtained in all patients. 
Five of these patients also underwent CT scanning. Three patients 
had MR imaging enhanced with gadopentetate dimeglumine; all three 
had unenhanced short TR MR sequences also. 


Results 


Review of the mass lesions in the study group revealed a 
typical appearance of a mass lesion of the PCS (Fig. 2). 
Features that were thought to identify a mass as primary to 
the PCS included a lesion centered within the fat of the PCS 
or, if larger than the PCS, displacing the carotid space anter- 
omedially and the prevertebral space posteromedially. When 
the mass was smaller and within the infrahyoid portion of the 
PCS, a fat plane was usually present between the mass and 
the carotid space. 

Four patients had pseudomasses, defined as a mass lesion 
suspected clinically with no tumor revealed on radiologic 
examination (Fig. 3). Nine patients had congenital lesions, of 
which four were in the cystic hygroma/lymphangioma spec- 
trum (Fig. 4A) and four were PCS branchial cleft cysts (Fig. 
4B). One patient had a PCS hemangioma. 

Ten patients had inflammatory disease related to the spinal 
accessory lymph node chain. Three of these patients had 
simple reactive lymphadenopathy (Fig. 5A), and an additional 
three patients had suppurative adenopathy. In four patients 
the inflammatory process had extended through the capsule 





Fig. 2.—Axial drawing shows typical appearance of mass in posterior 
cervical space. Carotid space is displaced anteromedially (open arrow), 
sternomastoid muscle is displaced anterolaterally (arrowheads), and mus- 
culature of prevertebral space is displaced posteromedially (solid arrows). 


of the involved lymph node to form a true PCS abscess (Fig. 
5B). 

Six patients had benign neoplasms. The most common of 
these, lipoma (Fig. 6A), was present in three patients. Thirty- 
four patients had malignant neoplasia. Primary malignant 
neoplasms of the PCS were rare. Single examples of a 
liposarcoma (Fig. 6B) and a synovial sarcoma were seen. 
Thirty-two patients had malignant lymphadenopathy; met- 
astatic squamous cell carcinoma was seen in 16 of these (Fig. 
7). Nine patients had non-Hodgkin lymphoma (Fig. 8A). Three 
patients had metastatic papillary carcinoma of the thyroid 
(Fig. 9) and two patients had Hodgkin lymphoma (Fig. 8B). 


Discussion 


The PCS is a three-dimensional space largely correspond- 
ing to the posterior triangle of the neck. As spatial terminology 
permits more accurate description of the position of a mass 
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Fig. 3.—Pseudomass in posterior cervical 
space (PCS). Axial enhanced CT scan shows a 
hypertrophied right levator scapulae muscle (L) 
with atrophy of right trapezius muscle (t) and 
absence of right sternomastoid muscle owing to 
previous radical neck dissection for undifferen- 
tiated parotid carcinoma. Hypertrophied muscle 
produced a clinical PCS pseudomass, which led 
to clinical concern for recurrent PCS tumor. Clin- 
ically unsuspected nodal recurrent tumor is seen 
also in contralateral carotid space (T). 


Fig. 5.—Inflammatory lymphadenopathy and 
complications. 

A, Axial enhanced CT scan shows reactive 
lymphadenopathy (n) in posterior cervical space 
(PCS). Concern over possibility of low-grade lym- 
phoma led to surgical biopsy. No infectious cause 
was identified. 

B, Abscess in PCS. Axial enhanced CT scan in 
a 6-month-old boy with fever and a mass on left 
side of neck. Poorly defined fluid collection (A) in 
PCS with surrounding enhancement is due to 
spread of inflammatory process beyond capsule 
of node. Multiple small reactive nodes (n) are also 
present in PCS adjacent to abscess. 


Fig. 6.—Neoplasms in primary posterior cervi- 
cal space (PCS). 

A, Axial enhanced CT scan shows a lipoma (L) 
with its center in PCS. Lipoma extends laterally 
into superficial space (SS). 

B, Axial enhanced CT scan shows a liposar- 
coma (M) in PCS. 


Fig. 4.—Congenital lesions in posterior cervical space (PCS). 

A, Cystic hygroma. Axial enhanced CT scan in a 6-month-old boy shows a multilobulated PCS mass 
with fluid-density contents and smooth enhancing margins typical of a cystic hygroma. In this case, 
density of fluid in cysts (c) is increased owing to superimposed infection. 

B, Branchial cleft cyst. Axial enhanced CT scan shows a right-sided unilocular fluid-density mass 
(B) in PCS. Most second branchial cleft cysts are found anteromedial to carotid space. Location of this 
cyst suggests a third branchial cleft cyst. 
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Fig. 8.—Lymphoma. 

A, Non-Hodgkin lymphoma. Axial CT scan shows large deposits of extranodal non-Hodgkin 
lymphoma (L) in left posterior cervical space. No central necrosis is evident; involvement of internal 
jugular nodal chain within carotid space is present (N). 

B, Hodgkin lymphoma. Axial enhanced CT scan shows early spinal accessory nodal Hodgkin 
lymphoma (I). More anterior internal jugular nodal disease (d) is present also. 


on cross-sectional imaging studies than does two-dimensional 
triangle terminology, the term PCS is a more useful concept 
to the imager than the term posterior triangle. Because a PCS 
lesion has a limited differential diagnosis, localization of a 
mass to this space allows construction of a more focused or 
limited differential diagnosis than would be possible with 
triangle localization. Spatial localization of a lesion also per- 
mits more accurate surgical treatment of inflammatory dis- 
ease [2] and malignant tumors (Fig. 7B). 

The PCS is found in the posterolateral aspect of the neck 
(Fig. 1A), extending from the skull base to the clavicle (Fig. 
1B). The space is bounded on its deep margin by the deep 
layer of deep cervical fascia, which separates the PCS from 
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Fig. 7.—Malignant squamous cell carcinoma 
lymphadenopathy. 

A, Intranodal metastases. Axial enhanced CT 
scan shows multiple ring-enhancing lymph nodes 
(I) in posterior cervical space (PCS) with necrotic 
centers due to metastatic deposits from laryngeal 
squamous cell carcinoma. 

B, Extranodal metastatic spread. Axial en- 
hanced CT scan shows a large necrotic extranodal 
metastatic deposit in PCS (m) and early extension 
through prevertebral fascia into paraspinal portion 
of prevertebral space (arrows). Recognition of this 
spread beyond PCS mandates more extensive re- 
section than was Clinically planned and under- 
scores importance of fascial boundaries and spa- 
tial localization in assessment of extent of dis- 
ease. 
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Fig. 9.—Hemorrhagic metastatic nodal papillary 
carcinoma of thyroid. Oblique sagittal T1-weighted 
MR image, 857/30 (TR/TE), shows a mixed-inten- 
sity mass (m) of the posterior cervical space with 
areas of isointensity and hyperintensity consistent 
with methemoglobin. When hemorrhage is asso- 
ciated with a nodal deposit in infrahyoid neck, 
thyroid origins should be suspected. 


the anterior prevertebral space proper and the more posterior 
paraspinal prevertebral space (Fig. 1A). Superficially, the PCS 
is bounded by the superficial layer of deep cervical fascia, 
which splits to enclose the sternomastoid and trapezius mus- 
cles [4]. Anteromedially, the PCS is separated from the carotid 
space by the carotid sheath. Seen from the side, the PCS 
has the appearance of a posteriorly tilted triangle (Fig. 1B). 
The main contents of the PCS are the spinal accessory 
lymph node chain, the spinal accessory nerve, and fat [5, 6]. 
As the contents of the PCS are limited, the differential diag- 
nosis of diseases affecting the PCS is also limited. The 
principal abnormality occurring in this space arises from in- 
volvement of the spinal accessory lymph node chain. Notable 


AJR:157, July 1991 


exceptions to this pattern of PCS nodal involvement include 
lesions arising from the fat of the PCS (lipoma and liposar- 
coma) and congenital lesions (cystic hygroma and branchial 
cleft cysts) [7]. 

The most common disease of the PCS is metastatic squa- 
mous cell carcinoma. Spinal accessory chain lymphadenop- 
athy within the PCS is a classic manifestation of an occult 
nasopharyngeal mucosal space malignancy [8, 9]. Neverthe- 
less, in our series lymphadenopathy in the PCS occurred 
more often as a result of lesions elsewhere in the pharyngeal 
mucosal space and the larynx, owing to their greater overall 
frequency. 

Lymphoma, both Hodgkin and non-Hodgkin types, was 
represented frequently in our series. The disease typically 
occurred intranodally within the PCS, although extranodal, 
extralymphatic deposits were seen also [10]. Lymphomatous 
deposits typically showed no evidence of necrosis unless 
previously treated or of high grade. 

Metastatic lymphadenopathy tended to be seen in other 
lymph node chains in the adjacent neck in the majority of 
cases, especially in patients with both non-Hodgkin and Hodg- 
kin lymphoma and metastatic squamous cell carcinoma. In 
one patient with metastatic adenocarcinoma of the lung, PCS 
lymphadenopathy was confined to the immediate supraclavi- 
cular region. In such patients with predominantly low PCS 
lymphadenopathy, the primary tumor should be sought in the 
thyroid, thorax, or abdomen [4, 9]. 

Inflammatory lymphadenopathy also is common in the PCS. 
Inflammatory processes begin with enlargement of a lymph 
node and may progress if virulent or untreated to suppuration 
within the lymph node. If the process continues to go un- 
treated, spread through the capsule of the lymph node is 
seen, forming an abscess in the PCS. Suppurative lymphade- 
nopathy tends to occur with unusual pathogens. Those iden- 
tified in our study were tularemia, atypical mycobacteria, and 
cat scratch fever. 

Congenital lesions are seen not infrequently in the PCS. 
Most commonly these are multiseptated lesions in the cystic 
hygroma/lymphangioma spectrum [11, 12]. The branchial 
cleft cysts seen in this study were atypical in that they were 
centered in the PCS, not the submandibular space where the 
second branchial cleft cysts are found [7]. Although difficult 
to prove, it is tempting to speculate that these PCS branchial 
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cleft cysts are actually third branchial cleft cysts. 

Benign tumors of the PCS are rare. Lipoma is seen most 
often. Neurofibromas and hemangiomas also can be found in 
this space. These lesions also are derived from the tissues 
normally found in the PCS. 

Three kinds of pseudomasses were identified in the PCS. 
The term pseudomass is used when there is a clinically 
palpable lesion of the posterior triangle and CT or MR identi- 
fies it as a nonsurgical abnormality outside of the PCS. 
Cervical ribs and prominent cervical transverse processes are 
the common bony pseudomasses. Another clinical pseudo- 
mass is found in levator scapulae hypertrophy commonly 
seen after radical neck dissection with sacrifice of the spinal 
accessory nerve. The hypertrophied levator scapulae muscle 
can cause concern for tumor recurrence in the posterior 
triangle of the neck [4]. 
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Book Review 





Atlas of Interventional Radiology. By Constantin Cope, Dana R. Burke, and Steven G. Meranze. Philadelphia: 
Lippincott, 325 pp., 1990. $89.50 


To most of us who enjoy tinkering with catheters and conjuring 
ways to simplify procedures, Constantin Cope is the master. He 
manages to see complex problems as a series of simple steps and 
finds ways to modify his instruments to accomplish those steps. He 
devised many of the procedures in common use today and continues 
to apply interventional techniques to new organs and new diseases. 
Heretofore, his innovations have reached the medical community 
piecemeal in journals, at meetings, or in catheter company brochures. 
At last comes a book that shows the reader not just a series of clever 
wrinkles and intricate maneuvers but an overview of Dr. Cope’s way 
of doing interventional radiology. 

It is a wonderfully satisfying book. Dr. Cope writes with a casual, 
commonsense directness and makes clear the why at the same time 
that he explains the how. Sentences are short and concise; jargon is 
kept to a minimum; explanations are patient and complete. Burke 
and Meranze, the coauthors, have contributed five of the book’s 13 
chapters. Although their chapters contain more standard techniques 
and fewer innovations, they nonetheless provide solid, accurate, and 
clear descriptions of problems and of the means for solutions. 

The book is organized into five sections, each with several chap- 
ters. The first section addresses general issues, informed consent, 
quality control, room design and equipment, and personnel. Although 
it is brief, useful insights are offered, including a floor plan of a 
properly equipped interventional suite. The second section, the 
book's best, describes techniques used in the vascular system. It 
discusses everything from choice of arterial puncture needles, 
through solutions to common and uncommon catheter manipulative 
problems, to methods for performing embolectomy and atherectomy 
and placing stents. Sections 3-5 shift gears from a presentation of 
techniques to discussions of clinical problems. Section 3 covers 
arterial bleeding, balloon angioplasty, atherectomy, and thrombolysis. 


Section 4 covers biopsy and aspiration procedures. Section 5 covers 
drainage procedures. These sections address rationale, preparation 
of the patient, indications, and contraindications and have detailed 
discussions of the procedures and of how the procedures can be 
tailored to fit the problems of specific organs. Brief surveys of the 
literature cite results and complications. Radiographs from illustrative 
patients are included. 

The book consists of 350 pages and 1000 illustrations. About half 
of the illustrations are color sketches. The book obviously was 
designed to make the illustrations preeminent. Wherever compro- 
mises were necessary, they were made to favor visual clarity. The 
sketches are more detailed and therefore more useful than line 
drawings. Color is used thoughtfully to distinguish contiguous tissues 
from instruments. The effect is to make complex three-dimensional 
maneuvers quickly comprehensible. The illustrations are large and 
never are crowded on the page. They are always close to the 
descriptive text, usually on the same page, even when this requires 
that large sections of pages remain blank. Even the print is large and 
favors quick and easy reading. 

Although the book claims not to be a reference text, it is. Every 
interventional procedure that uses imaging is described for every 
organ system except the heart and the CNS, from preoperative orders 
to follow-up. The reader will find useful insights on every page, many 
not previously published, all interesting, some brilliant. It should be 
near the top of the reading lists of residents and fellows and should 
be in the reference libraries of all interventionalists. 
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stenoses of Vascular 
Anastomoses After Hepatic 
Transplantation: Treatment with 
Balloon Angioplasty 





Vascular complications after liver transplantation include occlusion or stenosis at the 
sites of anastomosis in the hepatic artery, portal vein, and vena cava. From our 
experience with more than 600 liver transplants, vascular stenoses have been identified 
in 10 patients and treated by balloon angioplasty in nine. Three patients with hepatic 
artery stenosis and deteriorating graft function were treated by balloon angioplasty with 
a coaxial technique. A specially designed catheter facilitated a successful femoral artery 
approach. Portal vein stenoses in three patients resulted in portal hypertension. These 
were treated by balloon dilatation via transhepatic catheterization of the portal vein. 
Stenoses of the suprahepatic caval anastomosis were dilated in three patients with 
severe lower limb edema. Technical success was achieved in all three cases of hepatic 
artery stenosis with improvement in graft function. Recurrent stenoses in two patients 
were successfully treated with repeated dilatations. Portal hypertension resolved in two 
of three patients after portal venoplasty. Dilatation of a caval stenosis resulted in the 
resolution of leg edema in all three cases. Repeated dilatation was required in one case. 
No reduction in the portal venous pressure gradient occurred after venoplasty in one 
case, and an ultimately fatal caval thrombosis developed in one patient with caval 
stenosis before venoplasty could be performed. 

Our experience suggests that balloon angioplasty of arterial and venous stenoses 
complicating hepatic transplantation carries little risk and is a useful procedure for the 
treatment of these problems. 
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During orthotopic liver transplantation, four vascular anastomoses are fashioned. 
The donor hepatic artery and portal vein are anastomosed to the recipient vessels. 
The intrahepatic portion of the inferior vena cava requires two anastomoses of 
donor to recipient cava: one at the level of the diaphragm (the suprahepatic cava) 
and one below the liver above the level of the renal vessels (the infrahepatic cava). 
Stenosis or occlusion of any of these anastomoses may occur postoperatively. In 
this report, we describe nine cases in which anastomotic stenoses were treated 
by percutaneous angioplasty with improvement in graft function or relief of other 
significant complications. Another patient with caval stenosis who developed fatal 
caval thrombosis proximal to a suprahepatic stenosis is also described. 


Materials and Methods 


The 10 cases included in the study were culled from our experience with more than 600 
liver transplants. Posttransplantation angiography was done to assess arterial patency in 
cases of graft failure and suspected chronic rejection in which liver biopsy had failed to 
identify a specific cause and in patients with biliary strictures or hepatic abscesses. Hepatic 
angiography, arterioportography, and inferior venacavography were all performed via a 
transfemoral approach, with images obtained on conventional film and with digital subtraction 
imaging. Arterial stenosis was defined as a solitary short narrowing of the hepatic artery at 
the site of anastomosis just distal to the origin of the gastroduodenal artery. Narrowing of 
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more than 70% of the transverse diameter was considered to be 
significant. Hepatic artery angioplasty was done with a coaxial balloon 
and a Thomas catheter (Schneider, London, U.K.), specifically de- 
signed for this purpose. This is a 7-French catheter that is introduced 
into the femoral artery with a sheath. The sidewinder configuration is 
formed at the aortic bifurcation because the catheter is too short to 
allow formation in the aortic arch. Once formed, the catheter can be 
used selectively to catheterize the common hepatic artery, thus 
allowing delivery of the balloon catheter coaxially at the site of 
stenosis (Fig. 1). A satisfactory result after angioplasty was defined 
as reduction of the narrowing to no more than 30% of the arterial 
transverse diameter. 

Portal vein studies were indicated when evidence of raised portal 
venous pressure, manifested as variceal bleeding or splenomegaly, 
was detected clinically and sonographically. Further investigation 
consisted of measurement of hepatic wedge pressure and splenic 
pulp pressure. Hepatic wedge pressures were obtained by using 
cobra or sidewinder catheters with balloon occlusion of the hepatic 
vein. Splenic pulp pressures were measured after direct splenic 
puncture with a 23-gauge needle. A difference of 5 mm Hg between 
these two measurements was taken as evidence of a significant 
pressure gradient across the stenosis that warranted venoplasty. A 
pressure gradient across the stenosis was confirmed during trans- 
hepatic balloon venoplasty. Portal venoplasty has been described in 
detail elsewhere [1]. The portal vein was punctured via an intercostal 
transhepatic route and catheterized with a fine-needle introducer. A 
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5-French sheath was inserted over a guidewire into the donor portal 
vein. A 5-mm precurved balloon catheter was passed coaxially across 
the stenosis and inflated. In one case, two balloons were used (Fig. 
2) to obtain the necessary effective diameter in a large portal vein. 
The pressure gradient across the stenosis was measured before and 
after inflation. A gradient across the stenosis of more than 5 mm Hg 
was considered abnormal, and reduction of the gradient to below 
this level after venoplasty was considered to indicate technical suc- 
cess. 

Patients were examined by venacavography because of bilateral 
lower limb edema. Pressure studies across the anastomoses in the 
inferior vena cava were obtained with a single end-hole catheter. 
Caval venoplasty was achieved via a right femoral vein approach. 
The stenosis was traversed with a guidewire, and a conventional 
balloon angioplasty catheter was inflated across the stenosis. The 
pressure gradient was measured before and after the procedure. A 
gradient of 10 mm Hg was considered to be abnormal, and reduction 
of the gradient to less than this was considered to indicate success. 
All procedures were done with the patients taking prophylactic anti- 
biotics. 


Results 


Anastomotic stenoses of the hepatic artery were success- 
fully dilated in three adult patients. These stenoses occurred 


Fig. 1.—Hepatic angiograms of 36-year-old 
man with deteriorating liver function. 

A, Anastomosis has 90% stenosis just distal 
to origin of gastroduodenal artery. 

B, Thomas guide catheter in common hepatic 
artery. A fine guidewire has been passed across 
stenosis. 

C, Balloon catheter passed coaxially through 
Thomas catheter and inflated across stenosis. 

D, After angioplasty, severity of anastomotic 
narrowing is markedly reduced to 30%. 
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Fig. 2.—Angiograms of 6-year-old boy with anemia and splenomegaly. 
A, Aortoportogram shows anastomotic narrowing of portal vein (arrows). 

B, Transhepatic portal vein puncture confirms anastomotic stenosis (arrows) and allows direct measurement of pressure gradient. 

C, Two balloons inflated across stenosis. Pressure gradient measured when catheter was withdrawn across stenosis confirmed reduction of gradient. 


at 10 days, 2 months, and 8 months after transplantation. All 
patients had abnormal liver function as evidenced by elevated 
levels of bilirubin and liver enzymes. These showed marked 
improvement after angioplasty. Repeated arteriography 
showed no evidence of stricture recurrence at 6 months in 
one patient who underwent a second transplantation shortly 
afterward because of vanishing bile duct syndrome. One 
patient reexamined on two occasions because of deteriora- 
tion in liver function showed restenosis at 6 and 9 months 
after the initial procedure. On each occasion, the degree of 
stenosis, although still abnormal, was progressively less. 
Results of liver function tests became normal after each 
angioplasty. This patient remains well, with normal liver func- 
tion 9 months after the last angioplasty. The third patient had 
an intrahepatic abscess and strictures of the common hepatic 
duct. These were managed by endoscopic placement of an 
8-French biliary stent and percutaneous drainage of the ab- 
scess. Repeated arteriography at 4 and 8 months after angio- 
plasty showed restenosis on each occasion, but these were 
also progressively less severe and were successfully redi- 
lated. Twelve months after initial presentation, the liver paren- 
chyma and biliary tree are normal on sonographic examina- 
tion, and the patient is well, with normal findings on liver 
function tests. 

Portal vein stenosis was diagnosed in three patients (two 
children aged 2 and 4 and one adult) 2, 4, and 5 years after 
transplantation, respectively. Gradients across the stenoses 
of 24 and 12 mm Hg in the children were reduced to 2 mm 
Hg after venoplasty. Both have reduction in splenomegaly on 
sonographic examination, and no evidence of variceal bleed- 
ing has been seen in 1 year of follow-up. The adult patient 
had a stenotic gradient of 14 mm Hg, which did not alter after 
venoplasty. Spleen size has not altered, however, and the 
patient has not had any episodes of variceal bleeding. 

Four cases of suprahepatic caval stenosis were encoun- 
tered at 8 and 15 months in two cases and at 2.0 and 4.5 
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years in the other two cases. In one case, caval thrombosis 
occurred 1 week after demonstration of the stenosis, and 
pressure studies were not obtained. In this case, despite 
intracaval streptokinase (Hoechst, Hounslow, U.K.) and sub- 
sequent surgical thrombectomy, the patient died as a result 
of recurrent caval thrombosis. The presence of a significant 
pressure gradient was confirmed in the three remaining cases. 
In one of these, venacavography showed reversed flow down 
the inferior vena cava, mimicking a caval thrombosis (Fig. 3). 
Superior venacavography from the arm showed a suprahe- 
patic caval stenosis with reversed flow in the inferior vena 
cava, with the hepatic and renal veins decompressing retro- 
gradely into the inferior vena cava and hemiazygous collater- 
als. After dilatation of the stenosis, flow within the inferior 
vena cava was in a normal direction and the pressure gradient 
was reduced from 24 to 6 mm Hg. Leg edema resolved after 
the procedure but recurred 9 months later. Recurrent stenosis 
confirmed by venacavography was treated by another balloon 
dilatation with a similar good result, which has been main- 
tained for a year. The other two patients remain free of 
symptoms 10 and 14 months after treatment. 


Discussion 


Vascular complications of liver transplantation that can be 
corrected by nonsurgical methods are rare. The 10 cases 
described in this paper represent our experience with more 
than 600 transplantations. 

Hepatic artery occlusion in the immediate posttransplanta- 
tion period requires urgent surgical intervention, usually re- 
transplantation. In some patients, slowly progressive graft 
ischemia occurs, usually due to arterial thrombosis. In a few 
instances, however, ischemia is due to an anastomotic ste- 
nosis. The usual reason for examining these patients is the 
development of abnormal liver function; sonography is the 
primary method of examination. If biliary obstruction is ex- 
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cluded, a liver biopsy is performed and if the diagnosis is not 
clear cut, assessment of graft vascularization is indicated. 
Doppler sonography often can exclude occlusion of the he- 
patic artery and may suggest the presence of an arterial 
stenosis, but angiographic evidence is required for confirma- 
tion in such cases [2]. Additionally, the detection by sonog- 
raphy of focal areas of altered reflectivity within the hepatic 
parenchyma strongly suggests graft ischemia [2]. Attempts 
at treatment without ensuring that the graft is adequately 
vascularized are generally unsuccessful. 

Ischemia also is regarded as a factor in the development 
of bile duct strictures [3], although the association is not as 
strong as with parenchymal abnormalities. One of our patients 
with arterial stenosis had both focal liver lesions and biliary 
stricturing in keeping with the above observations. Stenosis 
of the hepatic artery is uncommon, although occlusion is 
encountered more frequently [4]. 

Only four previous cases of percutaneous hepatic artery 
angioplasty have been described [4-6]. In two of these cases, 
a transfemoral approach failed and a brachial artery had to 
be used. This problem was overcome in our series by the use 
of a guide catheter specially developed for angioplasty of 
renal and hepatic transplants. The Thomas catheter allows 
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Fig. 3.—Angiograms of 25-year-old woman 
with edema in both legs. 

A and B, Anteroposterior (A) and lateral (B) 
views of inferior venacavogram show nonfilling 
of intrahepatic cava, mimicking thrombosis. A 
superior caval injection showed a suprahepatic 
caval anastomotic stenosis with retrograde flow 
in inferior vena cava and hemiazygous collater- 
als. 

C, Balloon dilatation of caval stenosis. Note 
“waisting” of balloon (arrow) at site of stenosis. 

D, Postangioplasty appearance. Some resid- 
ual stenosis persists (arrows), but pressure gra- 
dient is gone, and normal direction of flow re- 
established. 


selective catheterization of the common hepatic artery and 
the subsequent passage of an angioplasty balloon through 
the guide catheter and across the stenosis. Although long- 
term experience is limited, it appears that, as with arterial 
stenoses encountered in the transplanted kidney, restenosis 
after angioplasty is highly probable. However, as in renal 
transplantation patients, repeated angioplasty of the stenosis 
may be beneficial [7] and ultimately may result in satisfactory 
long-term patency, as has occurred in two patients described 
here. 

To our knowledge, the use of percutaneous venoplasty of 
the portal vein after liver transplantation has not been de- 
scribed previously. According to Wozney et al. [4], significant 
portal vein stenosis is an uncommon complication after trans- 
plantation. Our experience agrees with that of Wozney et al., 
who noted that this complication usually occurs several years 
after transplantation and most often in children. Increasing 
spleen size and the development of varices with subsequent 
gastrointestinal hemorrhage and anemia are signs of this 
complication. Narrowing of the site of the portal vein anasto- 
mosis is seen commonly on real-time sonography [8], and 
Doppler studies often show turbulent flow at the anastomosis, 
but such abnormalities do not appear to be of functional 
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significance. When patients are being considered for portal 
vein angioplasty, it is essential to confirm with pressure 
studies that the stenosis is hemodynamically significant by 
showing a pressure gradient across the stenosis. After a 
patent but narrowed portal vein is demonstrated, hepatic 
wedge pressure and direct splenic pulp pressure measure- 
ments enable patients with a significant gradient to be se- 
lected without traversing the graft parenchyma. Once a pres- 
sure gradient has been identified, it can be confirmed during 
transhepatic portal vein puncture. 

Stenosis of the suprahepatic caval anastomosis also is 
rare. Graft function is not impaired unless hepatic venous 
outflow is severely compromised; thus, caval stenosis mani- 
fests as lower limb edema. The diagnosis can be suggested 
by sonography, but angiographic confirmation with evidence 
of a significant pressure gradient must be obtained. Percuta- 
neous dilatation is relatively straightforward, and in the three 
cases in which this was achieved, the symptoms have re- 
solved. Repeated dilatation at 9 months was successful in 
one patient, and all three patients have had long-term relief 
of symptoms. The finding of a significant stenosis should be 
dealt with urgently, because in one patient a delay of 1 week 
after the initial diagnosis of stenosis resulted in the develop- 
ment of caval thrombosis proximal to the stenosis. The oc- 
currence of acute caval thrombosis carries a very poor prog- 
nosis, with both thrombolytic therapy and surgery failing to 
prevent death in this case. The association of thrombus 
proximal to caval stenoses has been noted before [9]. In his 
series, Cardella et al. [9] noted several cases of caval throm- 
bosis that extended into the hepatic veins. We have not 
encountered this complication. Figure 3 shows how abnormal 
flow in the inferior vena cava proximal to a stenosis may lead 
to nonopacification of blood in the inferior vena cava, thus 
leading to an erroneous diagnosis of thrombus formation. 
Venacavography from above and below the stenosis may be 
required to define the situation accurately. If a flow artifact is 
not recognized as such, thrombolytic therapy may be insti- 
tuted needlessly. Other than the first case in this series, which 
has been previously reported [10], we are aware of only one 
other balloon dilatation of the suprahepatic caval anastomosis 
[11]. Rose et al. [12] reported the dilatation of an infrahepatic 
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caval stenosis, but we have not seen any examples of this 
complication. 

With the improving survival rate of patients after liver trans- 
plantation, the number of patients with late complications of 
vascular anastomoses is likely to increase. The addition of 
successful nonsurgical measures to deal with these compli- 
cations is therefore welcome. Long-term follow-up is, how- 
ever, required to define fully the role of these techniques. 
Short-term technical success is achievable in most cases. 
The techniques described are safe, and the only significant 
complication has been sepsis after portal vein angioplasty. 
No serious sequelae occurred. 
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Book Review 





Atlas of Normal and Variant Angiographic Anatomy. By Saadoon Kadir. Philadelphia: Saunders, 544 pp., 1991. 


$95 


This book is divided into five sections and 18 chapters. Sections 
1 and 2 on the arterial and venous systems, respectively, of the trunk 
and extremities have five chapters each. Section 3 on arterial and 
venous anatomy of the reproductive organs has two chapters. Sec- 
tion 4 on arterial and venous systems of the viscera has four chapters. 
Section 5 on arterial and venous anatomy of the head and Section 6 
on the lymphatic system have one chapter each. 

Chapters 1 and 2 are short. The illustrations in chapter 2 are of 
fair quality. However, diagrams are included to help in the interpre- 
tation of the angiograms. Only one arteriogram depicts the arterial 
supply to the esophagus (usually not shown by arteriography). More 
diagrams might be helpful. 

Chapter 3 lists variants of the arterial supply to the upper extrem- 
ities but does not provide references for percentages. The term upper 
arm is incorrect; it should be arm. Chapter 4 has too few abdominal 
aortograms. instead of hemorrhoidal arteries, it should say rectal 
arteries. The chapter also has too little text on the abdominal aorta 
and the lower extremities (as compared with the upper extremities). 
In chapter 5, Figure 5-16 incorrectly shows “a low origin of the 
posterior tibial artery.” | think that the posterior tibial artery is occluded 
proximally and reconstituted from collateral vessels. Figures 5-18 
and 5-19 show “hypoplasia of the anterior and posterior tibial arte- 
ries.” This is questionable. Spasm is possible. 

Chapters 6-9 are short and sparingly illustrated. In chapter 10, the 
angiograms of the pulmonary veins are of fair to poor quality. Chap- 
ters 11 and 12 are adequate. The quality of the penile angiograms is 
excellent. 

Chapter 13 is long (67 pages), reflecting the special interest of the 
author. It provides tables of percentages of normal variants but does 
not give references. Figure 13-1 (a copy from other articles) does not 
include acknowledgments. Figure 13-38 does not seem to represent 
the arch of Buhler as suggested. There is controversy concerning the 
arch of Riolan. Figure 13-41 shows an anastomosis between the left 
colic artery (branch of the inferior mesenteric artery) and the middle 
colic artery (branch of the superior mesenteric artery), not the arch 
of Riolan as suggested. A more detailed description would be inter- 
esting. 


Chapter 14 provides few illustrations of hepatic veins. Chapter 15 
gives a good diagram of the renal arterial and venous circulation. 
Chapter 16 is complete (25 pages). Unfortunately, it is of limited 
practical interest since the advent of CT. Chapter 17 briefly covers 
neurovascular anatomy. Only half of a page deals with venous 
anatomy. This probably is enough, as neurovascular anatomy usually 
is covered in neuroradiology textbooks. Chapter 18 has diagrams of 
lymphatic vessels and nodes of the upper extremities, chest, head, 
and neck but no lymphangiograms, reflecting the inexperience of the 
authors. 

The book has a mixture of conventional arteriograms, photographic 
subtraction arteriograms, and digital subtraction arteriograms. Many 
of the illustrations are reprinted from Dr. Kadir’s well-known textbook: 
Diagnostic Angiography. The text has been kept at a minimum 
according to the goals of the contributors: to write an atlas of 
angiographic anatomy. The quality of the illustrations is fair to good. 
The angiograms are of different sizes throughout the atlas. Some are 
large enough to show details. Others, however, are too small for this 
purpose. The book has several clear diagrams that clarify the anat- 
omy. Most of the material in this text can be found in several published 
textbooks of angiography. 

This basic atlas will be of benefit to radiology residents, general 
radiologists who do vascular and interventional radiology part-time, 
fellows in cardiovascular and interventional radiology, and average 
vascular radiologists. It will not be of major impact for the expert 
vascular radiologist. Other possible users of this book are vascular 
and general surgeons and clinicians who deal with vascular diseases. 
The price is reasonable for an atlas of this type with numerous 
illustrations. | would have preferred an atlas with a larger format, 
illustrations of the same size, and groups of illustrations immediately 
following the respective text in each chapter, rather than having the 
entire text at the beginning of the chapter followed by all the corre- 
sponding illustrations. 
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Randomized Double-Blind Trial of 
Midazolam/Placebo and 
Midazolam/Fentanyl for Sedation 
and Analgesia in Lower-Extremity 
Angiography 





Safety and efficacy of two drug regimens used for sedation and analgesia during 
lower-extremity angiography were studied. Midazolam (loading dose 14.5 „g/kg; main- 
tenance dose, 7.2 «g/kg) with or without fentanyl (loading dose, 0.725 „g/kg; mainte- 
nance dose, 0.362 »g/kg) was administered in a blind fashion as an IV bolus to 50 
patients. Hemodynamic responses were monitored, and a standardized questionnaire 
was given to the patient before, immediately after, and 8-24 hr after the procedure. 
Physicians also were asked questions after the procedure. Heart rate and oxygen 
saturation were not significantly different before and 2 min after administration or 
between groups. A small but significant decrease in blood pressure occurred 2 min after 
the loading dose was given in both groups. Both drug regimens had statistically 
significant anxiolytic effects; however, anxiolytic effects were superior in the midazolam/ 
fentanyl group (p < .02). Patients rated the overall effectiveness of anesthesia with 
midazolam/fentanyl as superior (p < .02). Analysis of physicians’ judgments of the 
effectiveness of sedation and analgesia showed a statistically significant advantage for 
the midazolam/fentanyl group (p < .01). 

We conclude that midazolam/fentanyl appears to be as safe as and more efficacious 
than midazolam alone for sedation and analgesia during lower-extremity angiography. 
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As the complexity and length of angiographic procedures have increased, the 
need for more effective sedation and analgesia has arisen. In many institutions, 
premedication of patients has been replaced by IV sedation and analgesia during 
interventional procedures. The use of more potent sedation and analgesia in the 
angiography suite has been made possible, in part, by improvements in monitoring 
of patients and newer agents. 

The use of the narcotic analgesic fentanyl in combination with the sedative 
diazepam has been described for patients having interventional procedures [1]. 
Fentanyl is used widely as an agent for induction of anesthesia [2], but its use by 
radiologists is more recent. Currently, many practitioners prefer midazolam to 
diazepam for conscious sedation, partly because of its more rapid onset of action 
and improved amnestic effects [3-5]. 

No randomized trial to determine the safety and efficacy of midazolam and 
fentanyl in a radiologic setting has been reported. We report the results of a 
randomized, double-blind trial of midazolam alone and midazolam/fentany! for 
conscious sedation and analgesia during lower-extremity angiography. 


Patients and Methods 


All patients undergoing diagnostic lower-extremity angiography at The University of lowa 
Hospitals and Clinics between October 1988 and March 1989 were offered entry into the 
study. The study was approved by our institutional review board, and admission of patients 
was based on informed consent. 
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Exclusion criteria included (1) age less than 18 years or more than 
75 years; (2) known hypersensitivity to midazolam or fentanyl; (3) 
documented history of liver disease, which would alter drug clear- 
ance; (4) administration of other sedative or analgesic drugs less than 
2 hr before the procedure; and (5) performance of an interventional 
procedure (e.g., angioplasty) at the same sitting. Patients less than 
18 years old were excluded in part because our human use committee 
requires special consent for study of minors. Minors represent a small 
fraction of our lower-extremity angiography patients. Also, in elderly 
patients we are very cautious in our use of sedative agents, particu- 
larly benzodiazepines, because they are metabolized more slowly, 
they produce greater cardiorespiratory depression than in younger 
patients, and we have found that they can cause paradoxical agitation 
[6]. We therefore excluded patients older than 75 years from this 
study. Patients undergoing interventional procedures at the same 
sitting were excluded because these procedures are frequently 
lengthy, which would confound our data analysis. Thrombolysis pro- 
cedures, for example, which are generally protracted and done at 
multiple sittings do not lend themselves well to this type of study. 

The study had 23 men and 27 women (30-75 years old; mean, 60 
years). Two patients were excluded from the analysis because of 
incomplete data. One additional patient in the midazolam/fentany| 
group was too sleepy to answer questions immediately after the 
procedure. 

Before the angiographic procedure, patients were asked to rate 
their level of anxiety. Patients were shown the questionnaire and 
asked to choose a word that matched their feelings. The choices 
were 1 = relaxed, 2 = tense, 3 = nervous, and 4 = terrified. This 
question was asked again immediately after the procedure, along 
with a series of questions relating to the patient's level of satisfaction 
with the sedation and analgesia he or she received. Additional ques- 
tions were asked 8-24 hr after the procedure. The physician involved 
in the procedure asked the patient questions and also responded to 
questions about the patient’s level of cooperation and the effective- 
ness of sedation and analgesia during the procedure. Eight physicians 
(staff and residents) completed at least one questionnaire. 


Drug Regimens 


Patients were randomized to receive one of two drug regimens. 
For randomization, a card containing the drug regimen was drawn 
from a shuffled deck. Regimen A consisted of 14.5 ug/kg (1.0 mg/70 
kg) midazolam (Versed, Roche Laboratories, Nutley, NJ) and normal 
saline administered IV as a slow bolus infusion (80-60 sec) for 
induction. Additional maintenance doses could be given at 50% of 
the loading dose (i.e., 7.25 ug/kg of midazolam). The interval between 
doses was at least 2.5 min. 

Regimen B consisted of 14.5 „g/kg of midazolam and 0.71 „g/kg 
(50 «g/70 kg) of fentanyl (Sublimaze, Janssen Pharmaceutical, Pis- 
cataway, NJ) administered IV as a slow infusion. Additional doses 
could be given at 50% of the induction dose. The bolus time and 
minimum interval between doses was the same as in Regimen A. 

Drugs were prepared by a nurse not involved in the procedure. 
The drugs were administered by a second nurse at the request of 
the physician performing the case. Neither the administering nurse, 
the physician, nor the patient was aware of which drug regimen was 
used. Both drugs were prepared in precise concentrations so that an 
induction dose (dose of midazolam/placebo or midazolam/fentany)) 
equaled 0.030 ml/kg and a maintenance dose equaled 0.015 ml/kg. 

All patients received a loading dose before administration of local 
anesthesia. The sedative end point was determined by slurring of 
speech and the presence of ptosis (Verrill sign), at which point the 
procedure was begun. 

Patients were monitored continuously during the procedure. The 
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ECG, noninvasive measurement of blood pressure, and noninvasive 
measurement of arterial oxygen saturation were monitored continu- 
ously and recorded intermittently (immediately before and 2 min after 
each dose) during the procedure. Routine supplemental oxygen via 
nasal cannula was administered to all patients at a rate of 3 l/min. 


Angiographic Protocol 


Our protocol for lower-extremity angiography consists of three 
separate aortic injections of diluted contrast material (30 ml each) 
and digital filming over the infrarenal aorta and pelvis. A unilateral leg 
angiogram then is performed by using a translating table and film 
screen. A bolus of 60 ml of low-osmolality contrast material (Hexabrix, 
Mallinckrodt, St. Louis, MO) is injected in the external iliac artery 
during serial filming. We routinely obtain unilateral lower-extremity 
angiograms because we have shown that they are superior to the 
conventional aortic flush technique [7]. This protocol was followed 
for all patients in the study. The large bolus of contrast medium that 
we use produces studies of excellent quality, but considerable pain 
is associated with its injection even with the new low-osmolality 
agents. 


Results 
Procedural Data 


The procedure time was equivalent between groups (43.2 
min for midazolam alone vs 42.6 min for midazolam/fentany)). 
The trend was toward fewer maintenance doses in the mid- 
azolam/fentany!l group (4.8 vs 3.5), which did not achieve 
Statistical significance. The average dose per patient in the 
midazolam group was 4.6 + 4.1 mg of midazolam; the aver- 
age dose in the midazolam/fentanyl group was 2.9 + 1.3 mg 
of midazolam and 132.5 + 45.2 wg of fentanyl. 


Hemodynamic Data 


The hemodynamic data are shown in Table 1. Each of the 
parameters presented in the table was analyzed by using a 
two-way analysis of variance with a within-subject factor for 
predosing and postdosing and a between-subject factor for 
drug regimens. Heart rate and oxygen saturation were not 
significantly different before and 2 min after dosing or between 
groups. A small but significant decrease in blood pressure 
occurred 2 min after the loading dose in both groups (systolic, 
p < .06; diastolic p < .04). No hemodynamic changes related 
to the contrast injection occurred, even though the contrast 
dose (60 ml) in a single leg was equivalent to what many 
angiographers use for both legs. 


Questionnaire Data 


Ratings of anxiety levels before and immediately after the 
procedure (questions 1 and 2) were converted to numeric 
scores: relaxed = 1, tense = 2, nervous = 3, and terrified = 
4. These data were analyzed by using a two-way analysis of 
variance with a within-subject factor for preprocedure and 
postprocedure and a between-subject factor for drug regi- 
men. A statistically significant main effect for preprocedure 
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TABLE 1: Hemodynamic Data for Patients Given Midazolam 
Alone or with Fentanyl Before Lower-Extremity Angiography 





Midazolam/ Midazolam/ 
Parameter Placebo Fentanyl 
(n = 24) (n = 24) 
Heart rate (beats/min) 
Predosing 82 + 16 88 + 17 
Postdosing 81+ 14 87 + 17 
Systolic biood pressure (mm Hg) 
Predosing 162 + 26 159 + 32 
Postdosing 136 + 26 149 + 33 
Diastolic blood pressure 
Predosing 94+ 14 92 +4 
Postdosing 90 + 13 89 + 16 
O» saturation (%) 
Predosing 96 +3 96 +5 
Postdosing 96 +2 95 +6 





Note.—Values are expressed as mean + standard deviation. Postdosing = 
2 min after loading dose. 


and postprocedure was anxiolytic effects for both drug regi- 
mens (p = .0001). A statistically significant interaction of 
preprocedure and postprocedure by drug (p = .0134) sug- 
gested a greater anxiolytic effect with fentanyl (2.43 mean 
rating reduced to 1.26) than without (1.80 mean rating re- 
duced to 1.50). This effect may however be attributable to a 
Statistical fluke in which twice as many patients in the mida- 
zolam-only group described themselves as relaxed before the 
procedure. This difference is reflected by a lower initial anxiety 
score in the midazolam-only group (1.80 vs 2.43). More than 
half the patients in each group described themselves as tense, 
nervous, or terrified before the procedure. Immediately after 
the procedure, 84% described themselves as relaxed during 
the procedure. 

Regarding the “overall rating of the anesthesia received” 
without and with fentanyl, ratings were scored as follows: 
excellent = 5, good = 4, fair = 3, somewhat unpleasant = 2, 
and extremely unpleasant = 1. These data were analyzed by 
using a two-group t test. Without fentanyl, the overall rating 
of anesthesia was significantly poorer (t [46] = 2.48, p < .02). 

The remainder of the questionnaire’s data was analyzed by 
using chi-square contingency tables. Regarding amnesia, ap- 
proximately 50% of patients in both groups had no recollec- 
tion of the administration of local anesthesia or of the injection 
of the contrast material for the lower-extremity angiogram. 
Similarly, most patients described the amount of pain during 
the procedure as minimal or moderate, characterized the 
procedure as pleasant or tolerable, and rated the overall 
quality of anesthesia as excellent or good. No other significant 
differences between groups occurred. 

Postprocedure complaints of nausea, vomiting, headache, 
and dizziness were similar between groups. More patients in 
the midazolam/fentanyl group complained of prolonged drows- 
iness (Seven vs one). 

Physicians’ responses to the questionnaire indicated a 
perception of significantly greater cooperation by patients in 
the midazolam/fentanyl group (p < .01). In addition, physician 
ratings for effectiveness of sedation (p < .0005) strongly 
favored the midazolam/fentanyl combination. Physicians also 
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found patients in the midazolam/fentany! group to be more 
somnolent during the procedure (p < .008). 


Complications 


One patient in the midazolam/fentanyl group had exacer- 
bation of congestive heart failure during preparation for the 
angiogram. The left ventricular ejection fraction at the time of 
the angiogram was 20%. The patient had received a total of 
1.4 mg of midazolam and 68 wg of fentanyl. She was treated 
in the interventional suite and transferred to the medical 
intensive care unit, where she made an uneventful recovery. 


Discussion 


In a retrospective review of 100 miscellaneous interven- 
tional radiology cases, Miller and Wall [1] recently reported 
that fentanyl, in combination with diazepam, is safe and 
efficacious for conscious sedation and analgesia. Our study 
confirms that fentanyl, in combination with the anxiolytic agent 
midazolam, provides both safe and effective sedation and 
analgesia for short procedures. 

Our findings are supported by similar studies in the anes- 
thesia and surgery literature that have examined the safety 
and efficacy of midazolam alone or in combination with fen- 
tanyi for both sedation and general anesthesia. Persson et al, 
[8] administered midazolam and fentanyl at doses 40-100 
times greater than those used in our study to produce total 
IV anesthesia in patients undergoing abdominal hysterecto- 
mies. Although patients required assisted ventilation, they 
remained hemodynamically stable even at these high doses. 
In this study, fentanyl decreased the requirement for mida- 
zolam to produce the same level of sedation. 

in another study, Ochs et al. [9] compared midazolam or 
diazepam alone or in combination with fentanyi in patients 
undergoing outpatient tooth extractions. At doses similar to 
those in our study, they noted slightly prolonged recovery 
time, as measured by standardized psychomotor tests, when 
midazolam was used alone. They did not report complications 
or degree of amnesia with each regimen. 

Magni et al. [3] compared the effectiveness of midazolam 
and diazepam for sedation in upper gastrointestinal endos- 
copy. They found midazolam to produce superior amnesia. 
With both drugs, recovery was incomplete 2 hr after the 
procedure. 

In many centers, IV sedation and analgesia during an 
interventional radiologic procedure has replaced premedica- 
tion. Many think it provides a more predictable response. We 
believe that the judicious use of IV anxiolytic and narcotic 
agents by radiologists has enhanced the practice of interven- 
tional radiology for both the patient and physician. 

The pharmacology and uses of midazolam were reviewed 
recently in an excellent article by Reves and colleagues [6]. 
Midazolam is similar to diazepam in many respects. It is 
approximately 1.5-2.0 times as potent as diazepam. The 
drug appears to exert its effect by increasing a glycine inhib- 
itory neurotransmitter, possibly in the mammillary body. The 
mechanism by which midazolam produces amnesia is un- 


known. At doses commonly used for sedation (0.1 mg/kg), 
midazolam has little cardiovascular or respiratory effect; how- 
ever, in larger doses (0.15 mg/kg), the drug reduces blood 
pressure and produces respiratory depression. Respiratory 
depression is not reversed by naloxone. Fluazenil (RO-15- 
1788), marketed by Roche Laboratories in Europe as Anex- 
ate, is a benzodiazepine antagonist. The drug has undergone 
clinical trials in the United States but is not expected to be 
approved by the Food and Drug Administration until at least 
1992 (Roche Laboratories, personal communication). Mida- 
zolam is metabolized by microsomal oxidation in the liver and 
excreted in the urine. The half life in healthy patients is 1-4 
hr aithough it may be significantly longer in elderly patients or 
those with liver failure. Because the drug is inactivated in the 
liver, renal insufficiency has little effect on its clearance and 
its duration of action. Compared with diazepam, midazolam 
appears to produce more rapid onset of sedation and better 
amnesia. Recovery times are similar. 

The pharmacology of fentanyi pertinent to the interventional 
radiologist has been nicely summarized in a recent article by 
Miller and Wall [1]. Fentanyl is a potent synthetic opioid with 
a more rapid onset and shorter duration of action than both 
morphine and meperidine. The drug is metabolized in the liver 
and excreted in the urine. A typical IV dose is 50-100 ug. 
Fentanyl has little cardiovascular effect at sedative doses, but 
produces respiratory depression and in high doses can block 
spontaneous respiration. Decreased oxygen saturation is a 
somewhat delayed but useful indicator of fentanyl-induced 
respiratory depression. For this reason, we recommend that 
pulse oximetry always be used when administering IV seda- 
tion and analgesia. Naloxone, administered IV in 0.1- to 0.2- 
mg increments titrated to effect, is an effective antagonist to 
fentanyl overdose. 

We found the hemodynamic responses to both of our drug 
regimens to be predictable and stabie. These findings are 
similar to those of other studies, which have noted stable 
cardiovascular responses to both midazolam and fentanyl [2, 
10]. We noted a small decrease in blood pressure with both 
drug regimens, which has been reported by others, particu- 
larly with the midazolam/fentany! combination [11]. 

Both midazolam and fentanyl have been shown to produce 
respiratory depression via different mechanisms [2, 12]. Ina 
study by Tucker et al. [13], patients receiving the midazolam/ 
fentanyl combination had significant decreases in Poz and 
arterial oxygen saturation. In our study, oxygen saturation 
was not decreased in either group. A major difference be- 
tween the studies is that our loading doses were significantly 
smaller. In addition, we routinely administered supplemental 
oxygen via a nasal cannula during the procedure. 

Because fentanyl has a rapid onset and a short duration of 
action, it has been promoted as an effective agent for proce- 
dures of short duration. Ochs et al. [9] have suggested that 
fentanyl can lower the requirement for midazolam and there- 
fore shorten recovery time. Our study suggests that less 
midazolam is required to achieve the same level of sedation 
when used in combination with fentanyl. We noted a trend 
toward fewer maintenance doses in the midazolam/fentanyl 
group; however, we found no evidence of shortened recovery 
time with midazolam/fentanyl. To the contrary, seven of eight 
patients who complained of prolonged drowsiness were in 


the midazolam/fentanyl group. This finding could make the 
use of the midazolam/fentanyl combination less appealing in 
outpatient situations in which rapid recovery is important. In 
our patients who experienced prolonged drowsiness, com- 
plete recovery required several hours. 

several important points should be made about patients’ 
and physicians’ acceptance of the two drug regimens tested. 
First, although patients reported greater reduction in anxiety 
with midazolam/fentanyl, no difference was seen in other 
effects such as amnesia and pain control between the two 
groups. Second, physicians thought midazolam/fentanyl was 
superior in terms of improved cooperation by patients and 
overall effectiveness of sedation and analgesia. We attribute 
this difference to several effects. Midazolam has excellent 
amnestic effects, and it appears that most patients who had 
pain did not recall it. Physicians, however, reported better 
cooperation with midazolam/fentanyl probably because these 
patients had better pain control during the procedure and 
thus were less agitated during potentially painful stimuli. Most 
interventional radiologists will agree that improved coopera- 
tion by patients and diminished agitation are extremely desir- 
able effects of any sedative regimen. In this respect, mida- 
zolam/fentanyl is clearly superior to midazolam alone. 

In conclusion, our study shows that the combination of 
midazolam and fentanyl appears to be as safe as and more 
efficacious than midazolam alone for sedation and analgesia 
during lower-extremity angiography. The use of these agents 
in combination facilitates the performance of high-quality di- 
agnostic angiography. Our experience has demonstrated their 
usefulness in interventional procedures as well. 
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Case Report 





Spontaneous Fracture of a Vena-Tech Inferior Vena Caval 
Filter 


Mark H. Awh,' Frank C. Taylor, and Chien-Tai Lu 


Percutaneous placement of filters in the inferior vena cava 
(IVC) has become increasingly common for the prevention of 
pulmonary embolism. Among these devices is the Vena-Tech 
filter (Vena-Tech Corp., Evanston, IL). The filter is inserted 
percutaneously through a 12-French (outer diameter) sheath 
from either a jugular or femoral vein approach. In a multicenter 
European trial, the filter was reported to be 98% effective in 
the prevention of pulmonary embolism while maintaining caval 
patency of 92% [1]. Reported complications associated with 
the use of the Vena-Tech filter have included tilting, migration, 
and incomplete opening of the filter [1]. We report a unique 
case of spontaneous fracture of a Vena-Tech filter. 


Case Report 


A 51-year-old man who had had orthotopic liver transplantation for 
hepatocellular carcinoma complained of increasing back pain, short- 
ness of breath, and pleuritic chest pain. A CT scan showed osteo- 
myelitis of the spine at T8-T9 with an inflammatory mass. A thrombus 
also was seen in the IVC. An inferior venacavogram obtained via the 
right femoral vein confirmed the presence of a large thrombus above 
the renal veins at the level of the anastomosis of the donor to native 
IVC. A Vena-Tech filter was placed via the right internal jugular 
approach. The filter was placed above the thrombus in the suprarenal 
IVC without incident. A radiograph obtained immediately showed the 
filter in proper alignment and at the desired level. Anticoagulant 
therapy was started and the patient was treated with antibiotics. 

A radiograph obtained 10 months after filter placement revealed a 
fracture at the apex of the filter (Fig. 1). The filter was divided along 
its longitudinal axis into equal halves. The three limbs of each half 
remained joined to their respective apices. Each half was angled 


Received January 25, 1991; accepted after revision February 19, 1991. 


somewhat relative to the other. The filter had not migrated cephalad 
or caudad. 

At follow-up, the patient was asymptomatic and had experienced 
no clinical symptoms of pulmonary embolism since filter placement. 
A duplex sonogram of the IVC showed normal flow within the IVC 
and no evidence of residual thrombus. 

The patient was seen again 16 months after placement of the filter 
and consented to a second inferior venacavogram. The venacavo- 
gram showed no residual thrombus within the cava and no further 
change in the position of the filter. Again, the patient had not had any 
suggesting pulmonary embolism in the interim. Anticoagulant therapy 
is being continued. 


Discussion 


With the recent introduction of a variety of new IVC filters, 
interest in the placement of these devices has increased. The 
Stainless steel Greenfield filter is generally accepted as the 
standard to which other IVC filters are compared. Potential 
complications with the use of the Greenfield filter have been 
well documented and include hematoma and thrombosis at 
the insertion site, migration and tilting of the filter, caval 
thrombosis, and caval perforation [2-4]. Intraoperative dis- 
ruption of a filter has been described [5], and spontaneous 
fracture after otherwise uneventful percutaneous placement 
also has been reported [4, 6]. To our knowledge, fracture of 
the Vena-Tech filter has not been reported before. We de- 
scribe several mechanisms that may explain this complication. 

The diameter of the IVC is known to be affected by respi- 
ration and cardiac pulsations. The stabilizing side rails of the 
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filter, which are welded to the limbs of the filter cone, remain 
parallel to the caval wall and should be virtually unaffected by 
any changes in IVC diameter. The conical portion of the filter, 
however, is subjected to repeated, although minute, changes 
in its apical angle in response to changes in caval diameter. 
The filter apex is therefore most vulnerable to metal fatigue, 
and it was at this point that the fracture occurred. Changes 
in caval diameter due to the force of transmitted cardiac 
pulsations should be proportional to the distance from the 
heart. We expect that the suprarenal position of the filter 
would increase the likelihood of a metal fatigue fracture. 

In cases of spontaneous fracture of the Greenfield filter, 
migration of the broken fragments has been associated with 
penetration into extracaval structures, including the aorta, the 
psoas muscle, and vertebral bodies [7]. The design of the 
Vena-Tech stabilizing side rails, which run parallel to the caval 
wall, makes their perforation unlikely. In the porcine model, 
IVC filter components have been shown to become incorpo- 
rated into the caval media with reendothelialization of the 
lumen in 1 month [8]. Assuming that the development of 
sufficient metal fatigue to cause a fracture of this type requires 
more time than the incorporation of the filter's side rails into 
the caval wall, it is unlikely that-migration of all or part of the 
filter would occur. 

In this case, with the small separation of the filter apices, 
the filter might still protect the patient against a large embolus, 
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Fig. 1.—Radiographs show fracture of filter 
cone and separation of filter. 

A, Anteroposterior projection shows a 2-mm 
transverse separation of apices (arrow). 

B, Lateral radiograph shows a 4-mm antero- 
posterior separation of apices (arrow). 


but clot trapping efficiency is obviously decreased. Placement 
of a second filter is a reasonable alternative in such a case. 
In this instance, the patient was far beyond the high-risk 
postoperative period when the fracture was discovered, and 
it was therefore recommended that anticoagulation therapy 
simply be continued. 
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Technical Note 





Preoperative CT-Guided Percutaneous Localization of 
Small Masses with a Kopans Needle 


ira J. Finch’ 


Percutaneous preoperative localization of breast tumors 
with a hookwire has become a standard radiologic practice 
[1, 2]. We describe the use of a standard spring hookwire 
needle, placed precisely under CT guidance, for the preoper- 
ative localization of two masses not in the breast. Both were 
sufficiently small that they would otherwise have been difficult 
to find at surgery. 


Case Reports 
Case 7 


A 35-year-old man with known melanoma had a recently enlarged 
right axillary lymph node measuring 2.1 x 1.0 x 1.2 cm on a routine 
follow-up chest CT examination. As the patient had previously under- 
gone a lymph node dissection in this region, the surgeon was con- 
cerned that finding and excising this single node might be difficult. 
The patient was positioned supine in the CT scanner with his right 
arm elevated and his right hand tucked under his head to simulate 
positioning in the operating room. IV contrast material was adminis- 
tered by drip infusion via a vein in the patient's right hand. The 
abnormal lymph node was identified on axial 10-mm contiguous 
slices. The patient's skin was marked at the level of the abnormal 
lymph node with hatch marks drawn with barium (Esophotrast: 
Armour Pharmaceutical, Kankakee, IL), and the patient was re- 
scanned at this level. After the most direct vertical entry site had 
been accurately marked on the patient's skin, he was prepared and 
draped and the skin was anesthetized with 1% xylocaine. A 5-cm, 
21-gauge Kopans needie (Cook, Inc., Bloomington, IN) was intro- 
duced into the lesion. The needie tip was positioned within the lymph 
node, and proper placement was verified by CT. The needie was 
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exchanged for the J-wire by using standard technique, and accurate 
placement was again verified by CT (Fig. 1). The patient was imme- 
diately transferred to the operating room, where the surgeon dis- 
sected along the course of the needle. The lymph node was excised 
with the J-wire, yielding a diagnosis of metastatic melanoma. 


Case 2 


A 43-year-old woman with a right C8 radiculopathy had an MR 
image that showed an enhancing soft-tissue mass measuring 2.4 x 
2.0 x 2.0 cm, thought to be a neurofibroma of the brachial plexus 
(Fig. 2A). At surgery, the brachial plexus was dissected in the region 
of interest, but no mass was found. The incision was closed and the 
patient was transferred while under anesthesia to the CT suite for 
localization of the lesion. IV contrast material was administered. 
Scans showed the mass approximately 15 mm inferior to the surgical 
site. By using a technique similar to that used in case 1, a Kopans 
needle was placed in the lesion, avoiding the lung, and exchanged 
for the J-wire. Again, proper positioning was verified by CT (Fig. 2B). 
The patient was immediately returned to the operating room, where 
the incision was reopened. The surgeon dissected along the course 
of the needle and successfully removed a neurofibroma of the inferior 
cord of the brachial plexus. 


Discussion 


These cases illustrate a safe and efficient method of pre- 
operative localization for small lesions that may be difficult to 
find operatively. The localization is as well tolerated as per- 
cutaneous needie aspiration and was performed in approxi- 
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Fig. 1.—Case 1. Metastatic melanoma. Con- 
trast-enhanced CT scan shows J-wire in right ax- 
illary lymph node (arrow). 


Fig. 2.—Case 2. Neurofibroma. 
A, Coronal MR image (800/30) after injection of gadopentetate dimeglumine shows a high-signal 
mass (arrow) at apex of right lung. 


B, Contrast-enhanced axial CT scan shows tip of J-wire in mass (arrow). Esophotrast (Armour 
Pharmaceutical, Kaukakee, IL) hatch-marks used for localization are apparent on skin anteriorly. 
Note subcutaneous air from surgery. 


mately half an hour in each case. The technique is particularly 
useful in situations in which normal anatomic relationships are 
distorted or complex and the surgical exposure is limited. The 
Kopans needle provides stable localization, and wire migration 
is less likely than it is in the breast, where fatty tissue provides 
less support for the hookwire. 

The CT scan should be made with the patient in the same 
position as will be used during surgery to simplify following 
the course of the wire during surgery. As with breast needle 
localizations, a needle wire system of adequate length must 
be chosen to avoid losing the end of the wire under the skin 
with movement. This technique could also be adapted to 
sonographic localization, because sonography accurately 
shows the position of needles for biopsies. MR localization 


also would be possible, with a nonferromagnetic needle-wire 
system [3]. A nonferromagnetic corkscrew wire made of 
nitinol is available (Cook, Inc., Bloomington, IN) that can be 
passed through a 20-gauge needle of the same composition 
and appropriate length (Biggs D, Cook, Inc., personal com- 
munication). 
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Artifacts in Computed Radiography 


Steven L. Solomon,' R. Gilbert Jost, Harvey S. Glazer, Stuart S. Sagel, Dixie J. Anderson, and Paul L. Molina 


Storage-phosphor digital radiographic systems are becoming 
widely used in a variety of diagnostic procedures. The equipment 
is reliable and produces images of consistently high quality. 
However, the images may contain artifacts directly related to the 
digital techniques used, to the phosphor imaging plate, or to 
radiography in general. This article illustrates many of the arti- 
facts encountered that are specific to computed radiography, 
some of which can simulate pathologic lesions. Their causes and 
remedies are discussed briefly. 


Computed radiographic systems that use photostimulable 
storage phosphors have been introduced into radiology de- 
partments throughout the world over the past 5 years in 
increasing numbers. More than 50 systems are in operation 
in the United States and approximately 500 systems have 
been installed in Japan (Armstrong D, Fuji Medical Systems 
U.S.A., personal communication). Many articles have de- 
scribed the potential benefits of computed radiography and 
its clinical usefulness in chest, pediatric, genitourinary, gas- 
trointestinal, vascular, and neuroradiology imaging [1-6]. A 
Philips Computed Radiography 901 system (Philips Medical 
Systems, Shelton, CT) has been in operation at our institute 
for more than 3 years and is used for nearly all the inpatient 
mobile (“portable”) chest and abdominal radiographs [4]. The 
device has been reliable and image quality has been excellent, 
but on occasion, puzzling artifacts have been encountered, 
some of which have the potential to mimic true disease. 
Artifacts that are not unique to computed radiography (fog- 
ging, double exposure, foreign bodies) can be modified in 
severity or appearance by computed radiographic systems. 
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“Light-Bulb” Effect 


The lower, outer portions of a film occasionally appear 
darkened relative to the remainder of the image (Fig. 1). This 
artifactual darkening, referred to as the light-bulb effect by 
Fuji Medical Systems, is caused by back-scattered radiation 
entering the photostimulable phosphor imaging plate from the 
patient's bed. This artifact is seen most frequently when the 
exposure is increased for obese patients or when the X-ray 
beam has not been collimated to the region of interest. The 
wide dynamic range and high sensitivity of the imaging plate 
makes computed radiography more susceptible to this artifact 
than conventional film-screen portable examinations. With 
chest radiography, the artifact could be misconstrued as 
representing a pneumothorax or pneumoperitoneum in a su- 
pine patient; in addition, it can alter the contrast and bright- 
ness of the affected portions of the image, potentially ob- 
scuring abnormalities. Reducing backscatter by lowering the 
kilovoltage or by more precise collimation will limit the preva- 
lence and impact of this artifact. A lead backing applied to the 
cassette has been proposed as a possible solution (Arm- 
strong D, personal communication). 


Fogging 


The wide dynamic range and high sensitivity of the imaging 
plate used in computed radiography results in a greater 
susceptibility to fogging (Fig. 2}. Because the imaging plates 
have such a high sensitivity, extra precautions should be 
taken so that they are not exposed to extraneous radiation. 


" All authors: Edward Mallinckrodt institute of Radiology, Washington University Schoo! of Medicine. 510 S. Kingshighway Bivd., St. Louis, MO 63110. Address 


reprint requests to S. L, Solomon. 


AJR 157:18 1-185, July 1991 0361-803X/91/157-0181 © American Roentgen Ray Society 


182 SOLOMON ET AL. 





Fig. 1.—Light-bulb effect. Lower, outer portions of this computed radio- 
graph (arrows) are darkened because of back-scattered radiation from 
patient’s bed. Wide dynamic range and high sensitivity of photostimulable 
phosphor imaging plate make computed radiographs much more suscep- 
tible to this artifact than conventional portable film-screen radiographs. 


Double Exposure 


With conventional film-screen techniques, most double ex- 
posures result in a darkened, unreadable image. The wide 





A 


Fig. 2.—Fogging artifacts on a computed radiograph. 
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dynamic range of the imaging plate used in computed radiog- 
raphy allows an image similar in density to a single exposure 
to result from most inadvertent double exposures (Fig. 3). If 
the relative exposure of both examinations is comparable, 
they will be equally well seen on the output image and the 
nature of the problem should be readily apparent. If one 
exposure is significantly less than the other, the artifact may 
be subtle and simulate abnormalities. A related and visually 
indistinguishable situation can occur if a latent image on the 
imaging plate has not been completely erased. Computed 
radiographic systems are capable of erasing an imaging plate 
that has received up to five times the normal exposure. If an 
exposure greater than this has occurred, the imaging plate is 
transported to a special unerased plate tray after it has been 
read. If this imaging plate is inadvertently used for another 
examination, a double-exposure artifact may result. Incom- 
pletely erased imaging plates should be carefully erased in 
the “imaging plate erasure mode.” 


Quantum Mottle 


The wide dynamic range of the imaging plate can create an 
image when underexposure or Overexposure would result in 
an unreadable image with conventional film-screen methods. 
In the case of marked underexposure, the image will appear 
grainy owing to quantum mottle (Fig. 4). Such images, which 
can be readily identified by noting a high sensitivity number in 
the parameter display area, must be interpreted with caution, 
as subtle findings may not be apparent because of the re- 
duced signal-to-noise ratio. 





A, Lower half of image is darkened by exposure to extraneous radiation. High sensitivity of imaging plates requires that extra precautions be taken to 


prevent inadvertent radiation exposure. 


B, Fogging in lower portion of image is caused by radium implants placed in pelvis to treat cervical cancer. We have not seen this artifact to the same 


degree with conventional film-screen techniques. 
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Fig. 3.—Double exposures on computed radiograph. Horizontally ori- 
ented abdominal examination is seen overlying dominant chest study. 
Portions of right ribs (arrow) and right iliac crest (arrowhead) are apparent. 


Simulated Diaphragmatic Calcification 


The unsharp masking edge-enhancement algorithm used 
in the edge-enhanced computed radiographic image can re- 
sult in artifactual black and white bands at the interface of 
Structures with markedly disparate densities. This can result 
in the appearance of diaphragmatic calcification (Fig. 5). The 
erroneous diagnosis of asbestos exposure could result. This 
artifact is always much less apparent on the non-edge- 
enhanced image, an important differential point. Comparison 
with prior radiographs, if available, or a follow-up conventional 
radiograph is helpful in ambiguous cases. If this artifact is 
problematic, the spatial frequency processing parameters can 
be modified to lessen the effect. 


Alterations in Image Contrast and Density 


A contrast resolution of 10 bits per pixel (1024 shades of 
gray) was chosen in the design of the currently used com- 
puted radiographic systems. The imaging plate, on the other 
hand, has a dynamic range exceeding 10*. The image infor- 
mation contained on the imaging plate must be mapped onto 
these relatively few shades of gray. As part of this mapping 
process, the imaging plate is scanned twice. The first scan is 
obtained with a high-speed low-intensity laser, and histogram 
analysis is performed on the light emission from portions of 
the image. The portions of the image examined are deter- 
mined by the algorithm chosen for the image. The result of 
this analysis determines the density and contrast parameters 
used in the final reading of the imaging plate and creation of 
the output image. 

The algorithms designed for each body part make certain 
assumptions about the expected useful density range con- 
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Fig. 4.—Quantum mottle on computed radiograph. Marked underexpo- 
sure of this abdominal examination results in an interpretable, albeit grainy 
and suboptimal, image because of wide dynamic range of imaging plate. 


tained in the image. If the expected density range is exceeded, 
information can be lost (Fig. 6). For example, the chest 
algorithm does not guarantee the preservation of image infor- 
mation from the skin. Fortunately, most losses of information 
will occur outside of the regions of interest for the examina- 
tion. If an algorithm for the wrong body part is chosen, the 
density and contrast settings will not be optimal for the body 
part imaged (Fig. 7). 

The “auto” modes use the entire image for histogram 
analysis as opposed to the “semiauto” modes, which only 
perform histogram analysis on selected portions of the image 
data. The shape of collimation is critically important in the 
auto modes on computed radiographic devices that use first- 
generation software. If a collimation border is more than 3° 
from parallel to the edge of the imaging plate, the area of 
collimation will not be recognized as such and will be included 
in the subsequent determination of image density and con- 
trast. This can result in marked image darkening in the region 
of interest (Fig. 8). 


Foreign Bodies 


As with conventional film-screen systems, foreign bodies, 
such as dust, can adhere to the imaging plate and result in 
artifacts simulating calcifications. Spillage of a liquid on the 
imaging plate prior to its processing by the computed radio- 
graphic device is shown in Figure 9. The repetitive nature of 
the artifact is due to the rollers used in the plate transport 
mechanism. Newer computed radiographic systems use belts 
to transport the plates and therefore would not propagate the 
artifact. 
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Fig. 5.—Simulated diaphragmatic calcification on computed radiograph. 

A and B, Edge-enhanced image (A) shows apparent calcification (arrows) of right hemidiaphragm 
that is not seen on unenhanced image (B), an important differential point. This artifact almost always 
involves right hemidiaphragm, probably because of heart and pericardial fat overlying left hemidia- 
phragm, which reduce abrupt changes in tissue density at this site. A similar artifact is also seen 


frequently at edges of both breasts. 





Fig. 7.—Altered contrast parameters on computed radiograph. This 
chest image was inadvertently printed with an algorithm designed for 
mandible. Result is a darkened image with suboptimal contrast. 


Equipment Malfunction 


The normal computed radiographic output consists of two 
images, one processed to resemble a normal film-screen 
radiograph and one processed with a degree of edge en- 
hancement and widened latitude. On occasion, images have 
been observed in which the edge enhancement has been 
augmented dramatically (Fig. 10). This is probably the result 
of an alteration of the image processing parameters stored in 
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Fig. 6.—Loss of information on computed radio- 
graph. External portions of nasogastric, feeding, 
and endotracheal tubes are not visualized (ar- 
rows) because expected useful density range for 
a skull examination has been exceeded at these 
sites. 





Fig. 8.—Poor collimation on computed radiograph. First generation of 
computed radiographic software relies on collimation margins (arrow- 
heads) being less than 3° from parallel to edge of imaging plate when 
“auto” modes are used. If this angle is exceeded, as has occurred in this 
image, area of collimation will not be recognized as such, and display 
algorithm will include this area in its determination of image density and 
contrast. Result will be overall darkening of region of interest. 


memory due to noise from the electrical power supply (Hish- 
inuma K, Fuji Medical Systems Japan, Inc., personal com- 
munication). This artifact has been seen only on edge-en- 
hanced images, a potential clue to its presence in more subtle 
cases. The problem should be corrected by turning off and 
restarting the computed radiographic device. The power sup- 
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Fig. 9.—Foreign substances on a computed radiograph. A liquid, pos- 
sibly blood, was spilled on imaging plate during this intraoperative exami- 
nation. Owing to rollers used in early computed radiographic equipment, 
this manifests as an artifact (arrows) seen all across image at constant 
intervals. 





Fig. 10.—Abnormal edge enhancement. Edge-enhancement image 
processing parameters have been altered on this computed radiograph, 
resulting in dramatic augmentation of edge enhancement. This artifact 
probably is due to noise from electrical power supply and should be 
corrected by turning off and restarting computed radiographic device. 
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Fig. 11.—Zipper artifact. Information from central portion of this com- 
puted radiograph (arrowheads) is missing, with apparent absence of a 
portion of vertebral bodies. Amount of information lost is reflected by width 
of a white vertical band at right side of image (arrows). This artifact is 
caused by temporary interruption of image-plate reading while plate con- 
tinues to be transported through reading device. Cause is probably a 
sudden drop in power supply voltage. 


ply noise and variance may need to be checked if the problem 
is recurrent. 

Rarely, images are seen in which multiple vertical scan lines 
are missing with apparent narrowing of the affected portion 
of the image (Fig. 11), referred to by us as the “zipper” artifact. 
The exact amount of missing information is reflected by the 
width of a lucent vertical band at the right side of the image. 
This artifact results when the reading process is temporarily 
discontinued while the imaging plate continues to move 
through the reading device. The cause is probably a sudden 
drop in the power supply voltage (Hishinuma K, personal 
communication). 


REFERENCES 


1. Fajardo LL, Hillman BJ, Hunter TB, Claypool HR, Westerman BR, Mockbee 
B. Excretory urography using computed radiography. Radiology 
1987;162:345-351 

2. Kangarloo H, Boechat MI, Barbaric Z, et al. Two-year clinical experience 
with a computed radiography system. AJR 1988;151:605-608 

3. Kogutt MS, Jones JP, Perkins DD. Low-dose digital computed radiography 
in pediatric chest imaging. AJR 1988;151:775-779 

4. Sagel SS, Jost RG, Glazer HS, et al. Digital mobile radiography. J Thorac 
Imaging 1990;5(1):36-48 

5. Tateno Y, linuma T, Takano M, eds. Computed radiography. Tokyo: 
Springer-Verlag, 1987 

6. Yang PJ, Seeley GW, Carmody RF, Seeger JF, Yoshino MT, Mockbee B. 
Conventional vs computed radiography: evaluation of myelography. AJNR 
1988;9: 165-168 


186 


Books Received 


Receipt of books is acknowledged as a courtesy to the sender. Books 
considered of sufficient interest are reviewed as space permits. If the book has 
been reviewed in the AJR, the date of its review is given in parentheses. 


Quantitative imaging. Neuroreceptors, Neurotransmitters, and En- 
zymes. Edited by J. James Frost and Henry N. Wagner, Jr. New 
York: Raven, 199 pp., 1990. $98 (4/91) 


Clinical Profiles of Diffuse Interstitial Pulmonary Disease. By Rich- 
ard A. DeRemee. Mount Kisco, NY: Futura, 203 pp., 1990. $43 (4/ 
91) 


The Year Book of Diagnostic Radiology, 1990. Edited by David G. 
Bragg. Chicago: Year Book Medical, 569 pp., 1990. $54.95 (4/91) 


The Radiologic Clinics of North America. Imaging the Lymphomas. 
Guest editor: Herman |. Libshitz. Philadelphia: Saunders, July 
1990;28(4):669-903. $25; by subscription, 6 issues annually for $93 
(4/91) 


The Abdominal Plain Film. By Stephen R. Baker. Norwalk, CT: 
Appleton & Lange, 422 pp., 1990. $95 (4/91) 


Nuclear Medicine Annual 1990. Edited by Leonard M. Freeman. 
New York: Raven, 256 pp., 1990. $98 (4/91) 


Radiation Protection. A Guide for Scientists and Physicians, 3rd ed. 
By Jacob Shapiro. Cambridge, MA: Harvard University Press, 494 
pp., 1990. $35 (4/91) 


Trauma Radiology. Edited by James J. McCort. New York: Churchill 
Livingstone, 483 pp., 1990. $110 (4/91) 


Cancer Imaging with Radiolabeled Antibodies. (Vol. 46 in the series 
Cancer Treatment and Research.) Edited by David M. Goldenberg. 
Boston: Kluwer, 467 pp., 1990. $160 (4/91) 


MRI. Musculoskeletal System. By Javier Beltran. New York: Gower 
Medical (distributed by Lippincott, Philadelphia), 250 pp., 1990. 
$79.50 (4/91) 


MRI. Central Nervous System. Edited by Walter Kucharczyk. New 
York: Gower Medical (distributed by Lippincott, Philadelphia), 288 
pp., 1990. $79.50 (4/91) 


Control of Radon in Houses. Recommendations of the National 
Council on Radiation Protection and Measurements. (NCRP Report 
No. 103.) Bethesda: National Council on Radiation Protection and 
Measurements, 90 pp., 1989. $15 (5/91) 


Orthopedic Radiology. A Practical Approach. By Adam Greenspan. 
Philadelphia: Lippincott, 640 pp., 1988. $225 (5/91) 


Cardiovascular Applications of Doppler Ultrasound. Edited by 
Abdul-Majeed Salmasi and Andrew N. Nicolaides. New York: Churchill 
Livingstone, 368 pp., 1989. $150 (5/91) 


MRI of MS and White Matter Disease. By Murray A. Solomon. (Tape 
1 in series 2 of Murray Solomon’s Magnetic Resonance Video Re- 
view.) Burlingame, CA: Murray Solomon's MRVR, (408) 374-8897 
1990. Single tape, $125; series of 6 tapes, $545 (5/91) 


RSNA Today, Voi. 4, No. 3. Oak Brook, IL: The Radiological Society 
of North America. 1990. $55; by subscription, 6 issues annually at 
$185 for RSNA members and $225 for nonmembers (VHS videotape) 
(5/91) 


Trauma of the Spine. CT and MRI. By B. Wimmer, E. Hofmann, and 
A, Jacob. New York: Springer-Verlag, 90 pp., 1990. $89.50 (5/91) 


Maxillofacial Imaging. By Angelo M. Delbalso. Philadelphia: Saun- 
ders, 815 pp., 1990. $125 (5/91) 


Wolf-Heidegger’s Atlas of Human Anatomy, 4th ed. Edited by Hans 
Frick, Benno Kummer, and Reinhard Putz. New York: Karger, 600 
pp., 1990. $100 (5/91) 


MRI of the Brain Stem. By Murray A. Solomon. (Tape 2 in series 2 
of Murray Solomon's Magnetic Resonance Video Review.) Burlin- 
game, CA: Murray Solomon's MRVR, (408) 374-8897, 1990. Single 
tape, $125; series of 6 tapes, $545 (5/91) 


Practical Echocardiography and Doppler. By Mark J. Monaghan. 
New York: Wiley & Sons, 176 pp., 1990. $69.50 (5/91) 


Fuchs’s Principles of Radiographic Exposure, Processing and 
Quality Control, 4th ed. By Quinn B. Carroll. Springfield, IL: Thomas, 
380 pp., 1990. $39.75 (5/91) 


Duplex Scanning in Vascular Disorders. By D. Eugene Strandness, 
Jr. New York: Raven, 256 pp., 1990. $85 (5/91) 


Pocket Atlas of Normal CT Anatomy of the Head and Brain. By 
Anton N. Hasso and Miyuki Shakudo. New York: Raven, 85 pp., 
1990. $14.95, softcover (6/91) 


Angiocardiography in Congenital Heart Malformations. By Benigno 
Soto and Albert D. Pacifico. Mount Kisco, NY: Futura, 669 pp., 1990. 
$175 (6/91) 


Computed Tomography, Anatomy, and Morphometry of the Lower 
Extremity. By H.-M. Hoogewoud, G. Rager, and H.-B. Burch. New 
York: Springer-Verlag, 124 pp. and floppy disk, 1990. $163.50 (6/91) 


Radiology of the Eye and Orbit. Edited by Thomas H. Newton and 
Larissa T. Bilaniuk. (Vol, 4 in the series Modern Neuroradiology.) New 
York: Raven, 320 pp., 1990. $115 (6/91) 


Congenital Heart Disease. Echocardiography and Magnetic Reso- 
nance Imaging. By Charles B. Higgins, Norman H. Silverman, Barbara 
A. Kersting-Sommerhoff, and Klaus Schmidt. New York: Raven, 405 
pp., 1990. $135 (6/91) 


Modern Dermatologic Radiation Therapy. By Herbert Goldschmidt 
and Renato G. Panizzon. New York: Springer-Verlag, 165 pp., 1991. 
$69 


Academic Laboratory Chemical Hazards Guidebook. By William J. 
Mahn. New York: Van Nostrand Reinhold, 342 pp., 1991. $79.95 


Cancer Pain Relief and Palliative Care. By a WHO Expert Commit- 
tee. Geneva: World Health Organization, 75 pp., 1990. $7.20 


The Relative Biological Effectiveness of Radiations of Different 
Quality. Recommendations of the National Council on Radiation 
Protection and Measurements. (NCRP Report No. 104.) Bethesda: 
National Council on Radiation Protection and Measurements, 218 
pp., 1990. $18 


Mediastinal Surgery. Edited by Thomas W. Shields. Philadelphia: 
Lea & Febiger, 400 pp., 1991. $85 


Surgery of Skull Base Tumors. Edited by C. Gary Jackson. New 
York: Churchill Livingstone, 291 pp., 1991. $95 


Summary Report on the Evaluation of Short-term Tests for Car- 
cinogens. Collaborative Study on In Vivo Tests. By World Health 
Organization. Albany, NY: WHO, 96 pp., 1990. $10.40 


187 


Meeting News 





The Society of Gastrointestinal Radiologists: 20th Annual 


Meeting, February 1991 


Elizabeth Whalen’ 


The 20th annual meeting of The Society of Gastrointestinal 
Radiologists (SGR) was held February 18-21, 1991, at the 
La Costa Resort and Spa, Carlsbad, CA. Among the activities 
offered at the meeting were 36 presentations of scientific 
papers, 21 workshops, five panel discussions, a categorical 
course on gastrointestinal oncoradiology, poster sessions, 
Clinical vignettes, and an unknown-film contest between East 
Coast and West Coast teams of society members. The Walter 
B. Cannon lecture is always a highlight of this annual meeting; 
this year, David Eddy (Duke University, Durham, NC) spoke 
on the role of the barium enema in screening for colorectal 
cancer. 

Three prizes for excellence were awarded. Deborah Day 
and Becky Carpenter (University of Minnesota Hospital, Min- 
neapolis) won an award for their poster presentation, “Abdom- 
inal Complications in Pediatric Bone Marrow Patients.” The 
Roscoe Miller award for the best scientific paper was pre- 
sented to James A. Nelson (University of Washington, Seattle) 
for his presentation of “Percutaneous Portacaval Shunt,” 
which is described in the section on gastrointestinal bleeding 
complications. Randall Radin was the winner of the Memorial 
Award, which recognizes the best presentation by a first 
presenter at an SGR meeting; Dr. Radin (University of South- 
ern California, Los Angeles) presented a study of CT findings 
that may distinguish Mycobacterium tuberculosis from My- 
cobacterium avium-intracellulare in patients with AIDS, which 
is described in the section on gastrointestinal imaging in AIDS. 


a rN PRAISE PET 


AJR page limitations do not allow complete coverage of the 
entire program. However, the next few pages contain sum- 
maries of presentations in seven major subject areas of 
gastrointestinal radiology: liver imaging, pancreatic imaging, 
gallbladder imaging, colorectal imaging, gastrointestinal im- 
aging in AIDS, gastrointestinal bleeding, and contrast mate- 
rials. 


Liver Imaging 


in a study of 15 patients with hepatic metastases from 
colonic carcinoma, William F. Bennett and colleagues (The 
Ohio State University Hospitals, Columbus) found that three- 
dimensional (3-D) MR imaging can be helpful to surgeons 
who resect the metastases. Studies have shown that total 
removal of the hepatic tumor improves 5-year survival rate, 
but despite the improvement of preoperative and intraopera- 
tive techniques, no imaging technique has yet been able to 
identify every small lesion. These researchers obtained pre- 
operative T2-weighted MR images in these patients; they 
then generated a 3-D image of the liver parenchyma that 
showed portal veins, hepatic veins, the inferior vena cava, 
hemangiomas, and metastases. Also, they photographed cer- 
tain projections with wedged sections and discussed these 
with the surgeon before surgery. After surgery, the surgeons 
rated these preoperative 3-D MR images as not useful at all: 
somewhat useful (e.g., helped in overall perception of surgical 
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needs); or very useful (e.g., altered course of surgery). In 
seven patients, resections were performed (three wedge re- 
sections, three trisegmentectomies, and one right lobectomy); 
in five, no resections were performed because of extrahepatic 
disease seen on preoperative imaging; in two, no resections 
were performed because of extensive hepatic metastases 
(<1 cm in size) that were not seen on MR images; and in one, 
cysts were confirmed. The 3-D MR images were rated as 
very useful in 10 of 15 cases, rated as not useful in two 
cases, and not assessed in three cases because of incomplete 
resection due to problems found early in surgery. The useful- 
ness of the 3-D MR images was specified as follows: con- 
vinced surgeon that the lesion was resectable (four patients); 
led the surgeon to search for specific lesions that had not 
been detected before (four); provided a map for confirming 
cysts (one); showed well the spatial relationship of the large 
cystic tumors to the liver (one); and directed the surgeon to 
the area of maximum involvement (one). 

Ruedi F. Thoeni and colleagues (University of California, 
San Francisco) compared the results of conventional T2- 
weighted spin-echo MR imaging of the abdomen with the 
results of the same MR sequence plus fat saturation. In 50 
patients with 140 liver lesions (all proved by surgery or 
biopsy), fat-saturation imaging allowed detection of signifi- 
cantly more lesions than did conventional MR imaging (sen- 
sitivities of 99% and 82%, respectively). Conspicuity of the 
lesion and image quality were each rated on a scale of 1 to 4 
(nondiagnostic to excellent, or definite abnormality): for lesion 
conspicuity, the mean conspicuity rating for fat-saturation 
images was 3.6 (compared with 2.7 for conventional images); 
the mean image-quality rating for fat-saturation images was 
2.8 (compared with 2.5 for conventional images). In addition, 
fat-saturation imaging was also superior to conventional im- 
aging in the assessment of vascular structures. Dr. Thoeni 
noted that he is now regularly using fat-saturation techniques 
for MR imaging of the liver; surprisingly, however, only one 
of the participants in the audience indicated that fat saturation 
was being used in his department for MR liver imaging. This 
study indicates that fat-saturation MR imaging results in 
significantly improved liver lesion detection rate, lesion con- 
spicuity, and image quality. 

A retrospective study of CT arterial portography (CT-AP) 
of liver lesions was presented by Maria Fernandez (Emory 
University Hospital, Atlanta, GA). Of 50 patients studied, 36 
had metastatic lesions from primary colonic cancer, three had 
hepatomas, and 11 had other liver lesions. CT-AP scans were 
reviewed to determine the prevalence and location of hepatic 
pseudolesions, low-density areas seen on CT-AP, but not 
confirmed at surgery, delayed hepatic CT, follow-up CT, and/ 
or MR imaging. Sixteen pseudolesions were found in 14 
patients; they varied in size (1.0-3.2 cm) and in shape (band, 
wedge, oval, or round). Of the 16 pseudolesions, 11 (69%) 
were adjacent to a densely enhancing vessel. Of these 11, 
seven were noted in the medial segment of the left hepatic 
lobe, immediately anterior to the porta hepatis. Pseudolesions 
not related to a densely enhancing vessel were noted as 
follows: two were located at the junction of hepatic segments; 
one was an irregular left lobe; one was a peripheral wedge 
defect in the left lobe; and one was a caudate lobe defect. 
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From the results of this study, Dr. Fernandez concluded that 
certain pseudolesions may be seen on CT-AP, the cause of 
these pseudolesions is not always clear (they may be artifacts 
or unusual perfusion defects), and awareness of pseudole- 
sions and their most common locations is important for im- 
proving the interpretation of CT-AP images. 


Pancreatic Imaging 


Studies of the pancreas included research on MR imaging 
of islet cell carcinomas (rare, relatively slow-growing pan- 
creatic malignant tumors) and on CT of the superior mesen- 
teric artery (SMA) root in pancreatitis and pancreatic carci- 
noma. 

Blake A. Carlson (Mayo Clinic, Rochester, MN) discussed 
a study of MR imaging of 33 patients with islet cell carcinomas 
and metastases, which require treatment options different 
from those of pancreatic ductal carcinoma. Of 27 primary 
tumors, 21 (78%) were detected on MR images; 18 of these 
tumors were functioning, and nine were nonfunctioning. The 
smallest tumor found was 3.5 cm, and the average sizes for 
functioning and nonfunctioning tumors were 6.1 and 9.8 cm, 
respectively. On T1-weighted images of 20 of the primary 
tumors, the tumor signal intensity was less than or equal to 
the signal intensity of the normal pancreas in all cases. On 
T2-weighted images, the signal intensity of the tumor was 
greater than or equal to fat in 18 (86%) of 21 tumors and 
mixed in three (14%). MR imaging permitted detection of 85% 
of hepatic metastases and 55% of extrahepatic metastases. 
The results of MR imaging correlated well with those of CT 
in patients who underwent both types of examination. MR 
imaging shows promise as a sensitive method of detecting 
both primary and metastatic islet cell carcinoma; it may be 
particularly helpful in the follow-up of patients with this dis- 
ease. 

In a retrospective study of 173 patients with either proved 
pancreatitis (103) or proved pancreatic ductal adenocarci- 
noma (70), Scott J. Schulte and colleagues (University of 
Washington Medical Center, Seattle) sought to determine 
whether irregularity, thickening, and encasement of the SMA 
root is specific for neoplasm. By autopsy, biopsy, or ERCP, 
pancreatic carcinoma was diagnosed in 70 patients, acute 
pancreatitis in 56, chronic pancreatitis in 24, and pancreatic 
abscess in 23. IV contrast material was administered in 162 
patients; no contrast material was used in the other 11 
patients. When the images were evaluated, everything on the 
image was masked except for the SMA root, and the readers 
were blinded to the final diagnoses; a consensus was ob- 
tained in every case. The following four abnormalities in the 
SMA roots of these patients were found on the CT scans: 
streaky infiltration (found in 27 cases of acute pancreatitis, in 
four cases of chronic pancreatitis, in 12 cases of pancreatic 
abscess, and in 25 cases of pancreatic carcinoma); periarterial 
lymph nodes (found in 14 cases of acute pancreatitis, in three 
cases of chronic pancreatitis, in six cases of pancreatic ab- 
scess, and in 11 cases of pancreatic carcinoma); focal mass 
(found in 10 cases of acute pancreatitis, in two cases of 
chronic pancreatitis, in four cases of pancreatic abscess, and 
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in 24 cases of pancreatic carcinoma), and encasing mass (not 
found in acute pancreatitis, but found in one case of chronic 
pancreatitis, in four cases of pancreatic abscess, and in 14 
cases of pancreatic carcinoma). Obliteration of fat in the 
presence of a mass has been considered specific to carci- 
noma; however, in this study, obliteration of fat with a focal 
mass was seen in seven cases of acute pancreatitis and in 
one pancreatic abscess (as well as in 18 cases of pancreatic 
carcinoma); also, this finding was seen with encasing masses 
in one case of chronic pancreatitis and in three pancreatic 
abscesses (as well as in all 14 encasing masses in pancreatic 
carcinoma). Three of the four abnormal CT findings in the 
SMA root occurred in all four diagnostic categories in this 
Study, indicating that SMA root abnormalities are not specific 
for pancreatic neoplasm. 


Gallbladder Imaging 


included in the presentations and discussions of gallbladder 
imaging were the following: nonsurgical treatment of gall- 
Stones, prediction of gallstone composition, the reproducibility 
of gallbladder contraction on sonographic studies, and the 
prevalence of asymptomatic gallstones in the general popu- 
lation. 

Michael Zeppa (University of California, San Diego, Medical 
Center, San Diego) presented the results of 49 patients who 
had undergone nonsurgical treatment of gallstones: all pa- 
tients were treated with methyl tert-butyl ether (MTBE) and/ 
or percutaneous stone removal. Initial results had shown that 
Stones were eliminated in 24 patients, symptoms improved in 
47 patients, and residual debris or stones were found imme- 
diately after treatment in 23 patients. Follow-up data were 
obtained in 59% of these patients and included clinical results 
(79% asymptomatic, 10% improved, and 10% symptomatic) 
and sonographic findings (38% no recurrence, 13% sludge 
and debris present, 50% stones present, 6% thickened gall- 
bladder wall, and no dilated ducts). Dr. Zeppa concluded that 
gallstone dissolution with MTBE was safe and effective: he 
reported high patient satisfaction and low frequency of 
changes in gallbladder function (based on oral cholestography 
Studies) with posttreatment symptoms similar to those after 
cholecystectomy. 

To incorporate CT into the morphoradiologic analysis of 
gallstones, James A. Brink (Mallinckrodt Institute of Radiol- 
ogy, St. Louis, MO) and coworkers studied the gallstones 
from 120 cholecystectomy patients. They reviewed the data 
for size, number, and shape of each generation of stones, as 
well as for the degree and pattern of calcification as deter- 
mined by specimen radiography and CT. Of the galistones 
studied, 64% were cholesterol stones, 18% were mixed (50- 
80% cholesterol), and 18% were pigment; 51% of the stones 
were radiolucent and 49% were opaque. Recent, single, 
cholesterol stones were seen as spherical, floating stones 
with a jagged contour; these are the stones most suited to 
nonsurgical treatment. A high content of insoluble calcium 
bilirubinate (which will make chemical dissolution difficult) is 
indicated by an atypical faceted appearance. Ellipsoid floating 
stones with a transverse diameter of less than 16 mm are 
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probably well suited to nonsurgical techniques: if such stones 
are larger than 2 cm in diameter, their content of insoluble 
calcium bilirubinate is probably too high for chemical dissolu- 
tion. Using both CT and morphoradiographic features, these 
researchers correctly distinguished cholesterol stones, mixed- 
composition stones, and pigment stones in 83% of cases: 
they were able to differentiate cholesterol from noncholesterol 
stones in 86% of cases and pigment from nonpigment stones 
in 98% of cases. 

A study presented by Jennifer J. Donald (Vancouver Gen- 
eral Hospital, Vancouver, B.C.) investigated the sonographic 
evaluation of the reproducibility of gallbladder contraction. 
The purpose of the study was to identify variations in gall- 
bladder contraction and indicate the reliability of a single 
sonographic study to evaluate this contraction. Thirty healthy 
volunteers took part in the study; none had a history of biliary 
disease, gastric surgery, or diabetes mellitus-and none had 
asymptomatic galistones. After an overnight fast (8-12 hr), 
each subject underwent a sonographic examination, which 
yielded a fasting gallbladder volume (FGBV) based on the 
ellipsoid method. Residual gallbladder volume (RGBV) was 
obtained sonographically after each subject had ingested a 
Standard fatty meal stimulus. These measurements were 
taken on three separate occasions for each volunteer: and 
the percentage gallbladder contraction was calculated by the 
following calculation: [((FGBV — RGBV)/(FGBV)] x 100%. A 
Significant negative correlation was found between RGBV 
and the percentage of gallbladder contraction ( = --.7136), 
and the ranges of values for all data sets were large (FGBV, 
1.9-45.5 ml; RGBV, 0.1~21.0 ml; percentage of gallbladder 
contraction, —10% to 99%—the negative percentage reflects 
one subject whose gallbladder appeared larger after the fatty 
meal). Of all subjects, 93% showed a variation in percentage 
of gallbladder volume that was greater than 10%: 60% 
showed a variation larger than 20%; and 20% showed a 
variation larger than 40%. In regard to the use of 20% 
gallbladder contraction as a criterion for nonsurgical therapy 
of gallstones, only two of the total 90 examinations (three 
each for 30 healthy subjects) would have failed to meet this 
criterion—-but even those two subjects showed gallbladder 
contraction greater than 20% when the examination was 
repeated. These researchers conclude that a single sono- 
graphic evaluation of gallbladder volume is not reproducible 
and is potentially misleading and that the 20% gallbladder 
contraction cutoff point is a reliable criterion for suitability of 
treatment with biliary lithotripsy or oral chemolithiasis. 

In another study, the prevalence of asymptomatic gall- 
Stones in the general population was explored. Kenneth D. 
Hopper (Penn State University, Hershey, PA) described his 
Study of the data from 2041 patients, all of whom underwent 
real-time sonography of the gallbladder and biliary system on 
which the gallbladder was visualized (none had symptomatic 
gallstones or previous gallbladder or biliary symptoms). 
Among the 287 men studied, age was the most important 
variable and the only statistically significant risk factor for 
gallstones (p < .01): of men less than 25 years old, none had 
asymptomatic gallstones; of those between 25 and 40 years 
old, 2% had gallstones; and of those over 40 years old, 14% 
had gallstones. In the women studied, age, obesity, and parity 
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were all significant risk factors for developing gallstones. Only 
3% of the women under 20 years old had asymptomatic 
gallstones; between 20 and 30 years old, the percentage rose 
to 4%; between 30 and 40 years old to 5%; and in women 
40 years old or older, 11% had asymptomatic gallstones. 
However, obesity is the most important risk factor for women. 
As age increases, the risk of gallstones in obese women 
increases: for 20-year-old women, for every additional grade 
of body mass index (BMI), the risk of gallstones increases 
1%; at age 45, each additional BM! class increases the risk 
2%; and at age 70, the risk is increased by 3% with each 
additional BMI class. Finally, with each successful pregnancy, 
a woman’s chance for developing asymptomatic gallstones 
increases from 3% after the first pregnancy to 17% after six 
or more pregnancies. No significant difference in risk for 
gallstones was found between men and women who are 
more than 40 years old. 


Colorectal imaging 


The studies concerning imaging of the colon were on the 
following topics: preoperative MR imaging to evaluate radia- 
tion therapy for rectal carcinoma, positron-emission tomog- 
raphy (PET) for use in diagnosing metastatic and recurrent 
colonic cancer, and colonic ischemia as a complication of 
immunotherapy. 

Eduard E. de Lange and colleagues (University of Virginia 
Health Sciences Center, Charlottesville) studied the use of 
MR imaging in the preoperative evaluation of the effectiveness 
of radiotherapy in 11 patients with primary rectal carcinoma. 
All patients underwent MR imaging before the start of radio- 
therapy; radiotherapy was administered for 4—6 weeks; and 
5-6 weeks after the completion of radiotherapy, new MR 
images were obtained for each patient. These preoperative 
MR images were used to estimate change in tumor volume 
and tumor stage. Tumor volume decreased an average of 
50% with radiation treatment (mean preoperative volume, 
37.6 cm®; mean postoperative volume, 19.8 cm’). MR staging 
indicated that, after radiation treatment, one tumor had 
“downstaged” (improved), one had progressed (worsened), 
and nine showed no change. No significant differences were 
found between pretreatment and posttreatment signal inten- 
sity ratios (tumor compared with fat). Dr. de Lange conciuded 
that MR imaging may be helpful in monitoring tumor size, but 
that further studies are needed to determine whether MR 
imaging can help monitor staging and other changes. 

Because barium enema studies are 98% accurate for de- 
tection of recurrence of colonic cancer, CT has been relegated 
to the role of helping to localize the tumor for biopsy. CT 
reliability even for this function is not perfect; nonspecific and 
benign liver defects sometimes cause false-positive findings, 
and postsurgical changes can appear to represent recurrent 
disease. Edward Buonocore and coworkers (University of 
Tennessee Medical Center, Knoxville) have begun research 
based on a new concept: perhaps recurrence of colonic 
cancer can be detected by metabolic changes that are found 
by '*FDG-PET. Follow-up in eight patients with recurrent 
colorectal tumor showed local recurrence in four patients 
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(three on the suture line and one in the peritoneum) and 
distant recurrence in the liver in four patients. On PET scans 
with perfusion (‘7N-ammonia) and metabolic ('°F-glucose) 
agents, these researchers identified metabolically active tis- 
sue related to active extracolonic neoplasms; moreover, the 
PET results influenced the medical care in these patients. Dr. 
Buonocore listed the disadvantages of PET as follows: slow 
(long scanning time), limited spatial resolution (4-7 mm), 
nonspecific, nonanatomic, and expensive. As PET scanners 
begin to be mass produced and less expensive, these dis- 
advantages may be balanced by the advantages of the im- 
portant supplementary information provided by metabolic im- 
aging (which may aid in tumor grading and follow-up of 
therapeutic course) and the fact that PET information is not 
affected by anatomic changes (e.g., reactive fibrosis or necro- 
Sis). 

A study of the gastrointestinal complications of immuno- 
therapy in 141 consecutive cancer patients was presented by 
Ellen L. Wolf (Albert Einstein-Montefiore Cancer Center, 
Bronx, NY). Dr. Wolf and her colleagues investigated the 
complications after treatment with various protocols, including 
different combinations of interleukin-2 (IL-2), lymphokine-ac- 
tivated killer cells (LAK cells), and interferon-a (IFN-a). Most 
patients receiving this treatment were those who had ad- 
vanced renal cell carcinoma and melanoma. Previously known 
complications of IFN treatment include fatigue, anorexia, fe- 
ver, and diarrhea; IL-2 has been shown to cause hypotension, 
oliguria, fluid overload, and nausea and vomiting. In this study, 
the complication of colonic ischemia occurred in 14% of the 
patients treated with IFN-a/IL-2 and LAK cells but in none of 
the 111 treated with IL-2 and LAK cells. Other observed 
complications of IL-2/LAK-cell therapy included perforated 
ulcer, rupture of a liver metastasis, and exacerbation of Crohn 
disease. Dr. Wolf concluded that colonic ischemia is an un- 
usual complication of IL-2 immunotherapy, but the risk is 
increased by adding interferon to the protocol, and that the 
patients at risk for developing this complication are those with 
severe diarrhea. 


Gastrointestinal Imaging in AIDS 


Randall Radin (USC School of Medicine, Los Angeles, CA), 
this year’s winner of the Memorial Award for a first-time SGR 
presenter, discussed his study of use of CT findings to 
distinguish Mycobacterium tuberculosis (MTB) from Myco- 
bacterium avium-intracellulare (MAI) in patients with AIDS. 
This distinction is important because MTB can usually be 
treated successfully with standard antimycobacterial therapy, 
whereas MAI in patients with AIDS is usually treated with 
experimental drugs with limited success. If CT can help 
distinguish the two, appropriate therapy can be started while 
waiting 4-6 weeks for the mycobacterial culture results. Dr. 
Radin studied abdominal CT scans of 27 AIDS patients with 
proved MTB and 44 AIDS patients with proved MAI (identity 
of infection was proved by lymph node biopsy, bone marrow 
biopsy, and/or blood culture results). An interesting finding in 
the study was that, in 85% of the patients with MTB, MTB 
infection was the only AIDS-defining illness, whereas 82% of 
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the patients with MAI had another previous or concurrent 
AIDS-defining illness. CT findings included mild hepatomegaly 
and mild splenomegaly in both MTB and MAI patients; how- 
ever, marked hepatomegaly and marked splenomegaly were 
found only in MAI patients. Furthermore, 44% of the patients 
with MTB—but only 14% of the MAI patients—had focal 
lesions in the solid viscera. No significant differences were 
found in CT results concerning adrenal abnormalities (none in 
both), ascites (about 5% in both), of gastrointestinal tract 
abnormalities (15% for MTB vs 18% for MAI, but the types 
of abnormalities did differ). Significant differences were found 
in CT appearance of nodes: solid nodes only, 7% of MTB 
patients and 86% of MAI patients; necrotic nodes, 93% of 
MTB patients and 14% of MAI patients. Recognition of the 
CT differences between MTB and MAI infections in patients 
with AIDS may allow physicians to start necessary treatment 
at an earlier stage than was possible previously. 

A study about cryptosporidial cholangitis in patients with 
AIDS was presented by Hind S. Teixidor (The New York 
Hospital-Cornell University Medical College, New York). Cryp- 
tosporidiosis is a disease caused by a protozoan parasite that 
occurs with increased frequency in patients with AIDS (in 6% 
of all AIDS patients and in 21% of AIDS patients who have 
diarrhea). in this study, 13 AIDS patients with biliary cryptos- 
poridiosis were studied; the cryptosporidiosis was confirmed 
only by autopsy in six patients, only by surgery in two, and 
by both surgery and autopsy in one (the diagnosis was 
presumptive—-based on abnormal imaging findings—in the 
remaining four patients). This represents the largest series of 
biliary cryptosporidiosis patients studied to date. Imaging 
Studies performed included CT (eight patients), sonography 
(seven), cholangiography (six), and repeated comparable 
Studies (seven); results of these studies were retrospectively 
evaluated and correlated with histopathologic findings. The 
following cholangiographic findings appear to be specific to 
biliary cryptosporidiosis: attenuation of intrahepatic bile duct 
(IHBD; eight patients, including two with beading and strictur- 
ing of the primary IHBD); dilatation of the extrahepatic bile 
duct (EHBD; six patients, none with EHBD stricturing); irreg- 
ularity of the bile duct (four); and papillary stenosis (three). 
Other imaging findings suggestive of biliary cryptosporidiosis 
included thickening of the gallbladder wail with no calculi (CT, 
five; sonography, two); pericholecystic fluid (CT, three); thick- 
ening of the wall of the common bile duct (sonography, three); 
dilatation of the IHBD (CT, seven; sonography, two); and 
dilatation of the EHBD (CT, seven; sonography, five). 


Gastrointestinal Bleeding 


The report presented by James A. Nelson (University of 
Washington, Seattle) won the Roscoe Miller Award for the 
best scientific paper of this year’s SGR meeting. Dr. Nelson 
discussed the development of an interventional approach to 
acute portacaval shunting. These researchers sought an 
acute interventional technique to help treat variceal bleeding 
complications of portal hypertension. The 24,000 deaths/year 
due to bleeding varices and an even greater number of 
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nonfatal bleeding problems are a major drain on United States 
blood banks. With the increasing use of liver transplants, a 
nonsurgical shunt would be a useful temporizing measure for 
potential recipients in whom variceal bleeding develops, be- 
cause surgical shunting makes transplantation technically 
more difficult. Using the Seldinger technique, Dr. Nelson and 
his colleagues placed matching catheters into the portal and 
femoral veins of four domestic swine. Acute portal hyperten- 
sion was produced effectively by intraportal injection of Ivalon 
into the portal system. The two catheters were then con- 
nected via a Biomedicus vortex pump primed with heparinized 
Saline, and the hypertensive portal system was pumped into 
the normotensive systemic circulation. The shunt was estab- 
lished successfully in all animals, and a logarithmic change in 
portal pressure was noted in response to linear changes in 
shunt flow. In this model, pump flows of 150~200 ml/min 
reduced portal pressure to baseline or lower, with prompt 
return to higher or control pressures when pump flow was 
reduced or discontinued. Shunt function could be confirmed 
angiographically, and the pump speed varied to preserve 
hepatic portal perfusion. This type of portacaval shunting may 
serve as primary emergent therapy, as an adjunct to other 
more definitive interventions, or even as a temporizing meas- 
ure Or new method for intraportal therapy (e.g., thrombolysis) 
in transplantation candidates with variceal bleeding. 

Another paper presented on gastrointestinal bleeding indi- 
cated that negative angiographic results after massive upper 
gastrointestinal bleeding are not a sufficient reason for phy- 
sicians’ complacency in these patients. Elvira Lang (VA Med- 
ical Center, Palo Alto, CA) discussed a study of 12 patients: 
inclusion criteria were massive arterial upper gastrointestinal 
bleeding (>3 units of packed RBCs); arteriography of celiac 
artery, superior mesenteric vein, and left gastric artery; and 
clinical diagnosis of gastric bleeding. These patients required 
6-20 units of packed RBCs (mean, 11 units): conservative 
treatment was used in five patients, and prophylactic embo- 
lization was performed in seven. Of the five patients treated 
conservatively, one had exsanguination from an overlooked 
6-cm midesophageal ulcer; two had massive recurrent hem- 
orrhage, one case of which was fatal. One patient with 
embolization had exsanguination. In these types of cases, a 
major question is whether physicians can rely on the results 
of endoscopy performed during the acute phase of bleeding. 
In four of six acute-phase endoscopies in this study, visibility 
was markedly impaired and one fatal ulcer was missed; in 
one, the diagnosis of a Mallory-Weiss tear led to treatment of 
that problem, but the patient died from a undiagnosed bleed- 
ing pyloric ulcer 9 days later; and in one case, the acute- 
phase endoscopy results were correct. Dr. Lang emphasized 
that, in accepting negative angiography as a sign of success- 
ful treatment in these patients, physicians risk overlooking 
significant lesions in noninjected territories; these patients run 
a high risk of ongoing or recurrent hemorrhage. She strongly 
recommended continued and aggressive workup of such 
patients (regardiess of angiographic results) and suggested 
that a multicenter trial might be able to evaluate the benefits 
of prophylactic embolization of the left gastric artery in pa- 
tients with massive upper gastrointestinal bleeding. 
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Contrast Materials 
Gadopentetate Dimegiumine 


Maureen White (Evanston Hospital, Evanston, IL) pre- 
sented a study of 40 patients with hepatic tumors (including 
metastatic disease, hemangioma, and hepatocellular carci- 
noma) who underwent MR imaging with and without the use 
of gadopentetate dimeglumine. The MR protocol included use 
of axial, 10-mm slices, 256 x 128 matrix, respiratory com- 
pensation, cardiac gating, and presaturation pulses. After the 
precontrast images were obtained, gadopentetate dimeglu- 
mine was injected at 0.1 mmol/kg body weight. Patterns seen 
with contrast enhancement included 70% heterogeneous en- 
hancement (43% mixed, 23% peripheral, and 4% central), 
23% uniform enhancement, and 7% isointense enhancement. 
Blinded reviewers evaluated the MR images for the number 
and size of lesions; the reviews were done in correlation with 
other studies, and a lesion was considered confirmed if it was 
seen on two or more studies. The highest detection rate for 
lesions was found with the precontrast T2-weighted spin- 
echo imaging (87%); the second highest detection rate 
occurred when the reviewers evaluated postcontrast gra- 
dient-recalled echo images (80%). With gadopentetate dime- 
glumine-enhanced MR imaging, various patterns on lesion 
contrast were found, and some contrast reactions occurred. 
Dr. White and coworkers concluded that use of gadopente- 
tate dimeglumine did not significantly improve conspicuity of 
liver lesions on MR images and suggested that dynamic 
imaging with gadopentetate dimegiumine may produce better 
results. 


Barium 


Presenting the paper that received the 1990 SGR Research 
Award, Pablo Ros (University of Florida, Gainesville) dis- 
cussed the evaluation of barium as a gastrointestinal negative 
contrast agent for MR imaging in normal subjects. The ad- 
vantages of barium are its safety, acceptance by patients, 
low cost, and availability; these researchers specifically as- 
sessed the usefulness of barium as an oral or rectal MR 
contrast agent, as well as patients’ tolerance of side effects 
of barium used with MR imaging. The 10 subjects underwent 
MR imaging before and after administration of 60% weight/ 
weight barium sulfate (600-900 cm? orally or 400 cm? rec- 
tally). For evaluation of the images, precontrast and postcon- 
trast images were separated and randomized, and three 
independent readers assessed image quality on a rating scale 
of 1 to 5; the parameters evaluated included bowel marking 
for six segments and anatomic delineation for 12 anatomic 
structures. After the administration of barium, the mean score 
of bowel delineation on MR images improved (percent change) 
as follows: 79%, coronal T1-weighted images; 67%, axial T1- 
weighted images; 52%, axial T2-weighted images; and 55%, 
proton-density-weighted images. In terms of anatomic struc- 
tures, the rectum and distal bowel were the structures whose 
delineation was most improved on T1-weighted axial images; 
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the uterus and vagina were the structures whose delineation 
was most improved on T2-weighted images; the pelvic side 
wails and seminal vesicles were the structures whose delin- 
eation was most improved on proton-density-weighted im- 
ages. Only one structure, the vagina, was seen less well after 
contrast administration than before (on coronal T1-weighted 
images). In summary, with barium as a contrast agent, a 
significant improvement was seen in the quality of gastroin- 
testinal MR images (p < .01); better bowel opacification was 
seen; and a trend of improvement was seen on all pulse 
sequences, with the most improvement seen on axial T1- 
weighted images. No image degradation or artifacts occurred 
in any case. The only side effects in patients were nausea 
(four cases), cramps (three), and constipation (two); these are 
similar to the side effects that occur when barium is used as 
a radiologic contrast medium, and they all resolved without 
medication. Ros noted that all the subjects in this study were 
normal volunteers, and he and his colleagues are now pur- 
suing the important question of whether the use of barium as 
a negative contrast agent is clinically useful. 

On the basis of their observation of a variety of coating 
artifacts with barium (including one that mimicked a villous 
tumor), Abraham H. Dachman and colleagues (Uniformed 
Services University, Bethesda, MD) conducted a study to 
demonstrate coating-related double-contrast artifacts and to 
study the mechanism of this type of flow-related artifact. They 
reviewed clinical material and performed experiments on dog 
colon, pig colon, and balloons to mimic a human colon. in the 
experiments, after the colon model was flushed with saline, 
100 cm? of liquid barium was introduced; the colon models 
were rotated 15 times in the course of imaging. The six 
balloon experiments showed interdigitating artifacts related 
to luminal flow and polypoid artifacts related to surface flow. 
in the three animal studies, luminal-flow artifacts were seen 
(including interdigitating and foreign-matter artifacts). The re- 
sults indicated that, even with good coating, coating artifacts 
can occur with the flow of viscous barium. The types of 
coating artifacts observed included those related to bare 
areas, luminal flow, surface flow, and nodular patterns. The 
anterior surface of the stomach is the most likely place to find 
a bare area on the wall, and contact time and changing the 
position of the patient may help avoid these artifacts. Luminal- 
flow artifacts include pseudo-intraluminal diverticulum and 
irregular (“villous”) structures. To summarize the findings of 
this study, Dr. Dachman noted the variable appearance of 
coating artifacts, the importance of recognizing such artifacts 
and not confusing them with lesions, and the further study 
required for the nodular-pattern artifacts and complete factor 
analysis. 

The role of latex sensitivity in adverse reactions to barium 
enema (administered using a latex tip) was discussed by 
Peter J. Feczko (William Beaumont, Royal Oak, MI). The 
study focused on 194 patients who had a nonfatal reaction 
to barium enema and 13 whose reaction was fatal. in the 
group that had nonfatal reactions, the time between admin- 
istration of the enema and the onset of the reaction was less 
than 2 min in 38 patients, 3-5 min in 47, 5-15 min in 63, and 
more than 15 min in 35 (including three in which the time to 
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reaction was more than 1 hr). The most common nonfatal 
reactions were urticaria/rash/itch (80 patients), facial edema 
(64), difficulty breathing (52), dizziness/faintness (35), and 
nausea/“sick” feeling (34). Less common reactions included 
warmth/burning sensation (20 patients), anxiety (18), sneez- 
ing (11), a “funny feeling” (11), and seizures (eight). In this 
group, 37 patients revealed either before or after the proce- 
dure that they were allergic to latex, and only one patient had 
had a previous reaction to barium. In the group of patients 
with fatal reactions to barium enema, all enemas appeared to 
have been administered with a latex-tipped device. Five pa- 
tients had autopsies, and no cardiovascular disease was 
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found in this group. Data from 13 of these patients shows 
that the onset of fatal reactions was less than 2 min in seven 
patients, 3-5 min in four patients, and more than 5 min in two 
patients. The allergic reaction to latex is probably due to a 
protein molecule and has been reported in all kinds of devices 
from different manufacturers. Although one cannot say con- 
Clusively that latex reaction was the cause of all these deaths, 
Dr. Feczko believes that it probably was the cause in the 
great majority of them and that changing materials used in 
barium enema tips should resolve some of the negative side 
effects and prevent many of the deaths occurring after that 
procedure. 
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A Report on Radiology at Muhimbili Medical Center, 
Dar es Salaam, Tanzania 


In December 1990, we were sent by our chairman, Carl Ravin, to 
assess Muhimbili Medical Centre (MMC) in Dar es Salaam, Tanzania, 
including the technical and equipment needs of their department, to 
determine whether our department could develop an outreach rela- 
tionship with this facility. 

As might be expected of any developing country, the medical 
needs in Tanzania are almost overwhelming. The health care system 
is organized rationally into a hierarchy of progressively larger institu- 
tions, the largest of which are the four referral hospitals. With ap- 
proximately 1300 beds, MMC is the largest medical center in Tan- 
zania, serving as both the referral hospital for the region around Dar 
es Salaam and the tertiary hospital for the country. In addition to a 
large inpatient population, it has an active trauma center and an 
outpatient facility. 

The entire country has only seven radiologists (five at MMC and 
two at another referral hospital). As a result, only two of the four- 
referral hospitals and none of the 25 regional hospitais have radiolo- 
gists. Of the five radiologists at MMC, three are Tanzanians. They 
are weil trained (two in Australia, and one has just completed a 
neuroradiology fellowship in Switzerland). All could leave Tanzania 
and practice elsewhere, but they choose to stay in their own country. 

The radiology department at MMC participates in the training of 
technologists and medical students, but its greatest commitment of 
time invoives clinical radiology. According to the official count, 60,000 
examinations are performed each year; 90% are on outpatients, and 
40% are chest radiographs. Interestingly, only about 5% of the films 
are “officially” interpreted by the radiologists. All the films are screened 
by a radiologist, but a report is dictated only when requested by the 
referring physician. Obviously, the amount of work that each radiol- 
ogist can do is a limiting factor. 

The equipment and working environment at MMC would make any 
modern radiologist cringe. A significant problem in the entire country 
is the absence of stabie voltage. This makes working with electronic 
equipment difficult and adds to the stress on that equipment. The 
radiographic rooms have no air conditioning. The main hospital has 
one RF unit with a table that does not tilt and equipment for spot 
films and fluoroscopy that often is broken. The hospital has an old 
chest unit (cassette type) and two basic radiographic units for extrem- 
ity work. For high technology, it has a small linear-array sonographic 
unit that produces substandard images because of the variations in 
voltage. 

To give an example of the working conditions, we witnessed a 
thoracic myelogram performed on a table that did not tilt, and without 


spot film capabilities and fluoroscopy. The patient was a 10-year-old 
with Burkitt lymphoma who had a neurologic block in the thoracic 
region. The radiologist punctured the cisterna magna and injected 
contrast material (nonionic, water soluble). The patient then was 
elevated with pillows. After a few minutes, plain anteroposterior and 
lateral films of the thoracic region were obtained without knowledge 
of the level of blockage. Despite these difficulties. it was determined 
that the tumor was in the midthoracic region. 

In addition to these difficult working conditions, the intellectual 
resources of the medical center are also inadequate. Neither the 
MMC library nor the radiology department has any recent journals or 
textbooks. The most current issues of AJR and Radiology are from 
1983. 

Why do these conditions exist? Unfortunately, as with many coun- 
tries, Tanzania has an acute lack of hard currency. With few items to 
export and broad-based needs, it has little money for health care. 
What little money it has for this area of service is spent wisely for 
immunization programs and other basic needs. As a result, almost 
no funds are available for radiology. 

Obviously, the needs are great, and we left Tanzania with a strong 
sense that those of us who have many resources should reach out 
and give to those who have fewer. What should we do? First, with 
Dr. Berk’s help, AJA will be sent complimentary to the department at 
MMC to help them keep up with the rapidly changing field of radiology. 
We also will be sending them a subscription to Radiology as a gesture 
from our department. Even though they will be unable to apply much 
of what they read, current journals will alleviate their sense of isolation 
from the world. Their most important pressing need is radiographic 
equipment—and not just expensive, large units. None of the wards 
have simple view boxes. The cassettes are outdated and lead to 
excessive techniques (these are hard on the old equipment and result 
in excessive doses of radiation to the patient). Accessory items such 
as bright lights and lead markers are also in short supply. Last, 
important basic radiographic equipment is needed to upgrade the 
rapidly deteriorating units currently in place. 

In closing, we encourage the readers of AJR to assess their own 
resources to determine if radiographic equipment, especially older 
analog units, could be donated to MMC to upgrade the center's 
department. This would include even small items such as cassettes, 
view boxes, and lead markers. Those interested in donating can 
contact Mark Baker (919-681-2711, ext. 5238) at Duke University. 
By working together, we should be able to help raise the level of 


health care at MMC and in Tanzania. | 
Mark E. Baker 


Frederick R. Porter 
Duke University Medical Center 
Durham, NC 27770 


196 LETTERS 


On Teaching Radiology in Developing Countries 


| have just returned from Kathmandu, Nepal, where | was a visiting 
professor in the Department of Radiology, Tyruban University, Col- 
lege of Medicine, for 3 weeks. From 9 a.m. to noon each day, | 
critiqued the five postgraduate students’ (residents’) handwritten 
reports of current cases in small group discussions. Dr. Budathoki, 
departmental chair, and Dr. Shrestha, senior lecturer, participated 
enthusiastically, occasionally saying, “We just don’t see that in Ne- 
pal.” For example, Paget disease never is seen. 

in the afternoons, | either gave prepared lectures or led small group 
discussions on subjects of the residents’ choice. Although the lec- 
tures were for the residents, they were attended by all the staff 
members, radiologists from other hospitals, many academic physi- 
cians from other departments, and the technologists. 

Last January and February, | was a visiting professor in the 
Department of Radiology at the University of Nairobi in Kenya for 8 
weeks. This was a much larger academic department, with 16 
registrars (residents), seven “teaching radiologists,” and 12 “govern- 
ment radiologists.” Kenyatta National Hospital is a 1600-bed govern- 
ment teaching hospital. 

My mornings were spent doing arteriography and trying to get an 
ancient dedicated mammography machine to work properly. After- 
noons were spent with the residents in small group discussions. 
Lectures were given in the evenings, with attendance by all the 
radiologists of Nairobi as a result of Chairperson Dr. J. K. Kitonyi's 
promotion. 

in both these locations, | was in the only academic department in 
the nation. The equipment was minimal and old. Obtaining repairs 
was difficult. Nuclear imaging and CT were not available. Nairobi did 
not have sonography because their sonographic machine was bro- 
ken. No radiation therapy was available anywhere in Nepal. 

Despite inadequate equipment, the radiology practiced in these 
academic departments was first rate. The radiologists were vibrant, 
enthusiastic, and well trained. They were widely read on current 
literature. The residents were highly motivated. The strongest impres- 
sion | have of both departments is the tremendous hunger for 
knowledge and for information of “how it is done” in Western devel- 
oped countries. | never have considered myself a good formal lec- 
turer, but it was easy when every member of the audience was 
hanging onto every word. 

Working in a country is quite different from being a tourist. My wife 
and | were accepted as residents in the country and learned much 
about politics, culture, and religion. Although we stayed only 3 weeks 
in Nepal, a 2- to 3-month stay is desirable for good mutual under- 
standing. 

These visiting professorships were arranged and supported by the 
Radiology Outreach Foundation as a part of their goal of providing 
support to academic radiology departments of developing countries. 
it is a wonderful experience. | hope that other radiologists will volun- 
teer for this deeply satisfying task. 

Willard J. Howland 
Canton, OH 44708 


Catheters for Barium Enemas 


Dr. Gelfand’s excellent article [1], “Barium Enemas, Latex Bal- 
loons, and Anaphylactic Reactions,” in the January issue of the AJR 
nicely summarizes the subject. However, there is a mandatory cor- 
rection. 

Bardex catheters, Model 658 (C. R. Bard, Murray Hill, NJ), have 
been recalled. Model 659 is still available. Each catheter costs ap- 
proximately $23, and they should not be resterilized. Although | agree 
with Dr. Gelfand that resterilization of these catheters is a reasonable 


AJR: 157, July 1991 


procedure, the U. S. Food and Drug Administration disagrees, and it 
is illegal to reuse these devices. 
Aiso, balloon catheters for barium enemas are available from other 
manufacturers, such as MMI, Inc., Southfield, MI. 
Murray L. Janower 
Saint Vincent Hospital, Inc. 
Worcester, MA 01604 
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Reply 


Dr. Janower is correct in stating that the manufacturer of Bardex 
rectal catheters (C. R. Bard, Murray Hill, NJ) recommends that the 
catheters not be reused. However, it is not illegal to reuse such a 
device. The unfavorable aspect of reuse lies in any potential liability 
should reuse result in cross infection due to improper sterilization. 

Since | submitted the article on latex allergy [1], my colleagues 
and | have been using a similar rectal balloon catheter made by Akron 
Catheter and distributed by Picker International, both of Mayfield, 
OH. This catheter is designed and recommended for reuse. 

The aforementioned catheters are made of latex rubber, as are 
those made by MMI, inc., noted by Dr. Janower, and thus they carry 
the risk of latex allergy. A more definitive solution is the silicon 
balloon—equipped enema tip recently developed by E-Z-EM, Inc., of 
Westbury, NY, which should be available by the time this letter and 
reply are published. 

David W. Gelfand 
Bowman Gray School of Medicine 
Winston-Salem, NC 27103 
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Barium Enema Retention Catheters 


A recent commentary by Dr. Gelfand [1] stated that C. R. Bard, 
inc., makes a nondisposable Bardex rubber catheter that can be 
“repeatedly cleaned, sterilized, and reused” for the purposes of 
performing a barium enema. Although we appreciate Dr. Gelfand’s 
praise and recommendation of our product, we would like to advise 
your readers that C. R. Bard manufactures no latex catheters that 
are intended for reuse or resterilization. Further, using a urinary 
catheter to perform a barium enema is outside the catheter’s indica- 
tions, and such practices are not endorsed by our company. Bard 
does, however, manufacture two catheters specifically for use in 
performing a barium enema: the Weber and the Virden rectal cathe- 
ters (catalog numbers 658 and 659, respectively; Davol, Inc., 100 
Sockanossett Crossroad, P. O. Box 8500, Cranston, RI 02920; 401- 
463-7000). Both are double-lumen rubber catheters with latex bal- 
loons designed to assist in the administration and retention of a 
barium enema. They are supplied nonsterile and must be sterilized 
before use. Neither is intended for reuse or resterilization. 

{ hope that knowledge of the availability of these products and 
reinforcement of the warnings against their reuse or resterilization 
will be helpful your readers. 

Frank M. Krakowski 
C. R. Bard, Ine. 
Murray Hill, NJ 07974 
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Barium Enemas in Older Patients 


| read with interest the commentary by David Gelfand, “Barium 
Enemas, Latex Balloons, and Anaphylactic Reactions” [1], in the 
January 1991 issue of AJR. As he suggests, the proscription against 
using latex balloons makes it difficult to perform barium enemas on 
older patients who have poor rectal tone. He recommends taping the 
patient's buttocks to help retain the enema. 
| offer an additional alternative. | have found that a 26-French Foley 
catheter with a 30-ml silicone rubber balloon (Travenol Laboratories, 
Inc., Deer Field, IL) is useful in older patients. By using a 5 in 1 Sims 
Connector (Seamless Hospital Products Co., WallingFord, CT), the 
Foley catheter can be attached directly to the tubing of the enema 
bag. 
Dimitri Merine 
The Johns Hopkins Hospital 
Baltimore, MD 21205 
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Inadvertent Vaginal Filling During a Barium Enema 


While reading the letter “Detection of Inadvertent Vaginal Filling 
During Cystography” from Merchant et al. [1] in the February 1991 
issue of AJR, | was reminded of one of my most startling moments 
as a resident. | was doing a repeat barium enema on an attractive, 
well-coiffed, elderly lady, the reason for which | can no longer remem- 
ber. While | was seriously studying what appeared to be a very 
unusual cutoff of the barium column, the patient calmly stated, 
“Doctor, the last time they did this through the rectum.” | nearly 
fainted! | laugh aloud every time | think of this incident, still astounded 
by the woman's incredible poise in already compromised circum- 
stances. She is my definition of an unflappable lady! 

Sandra B. McCann 
Hughston Sports Medicine Hospital 
Columbus, GA 31995-3499 
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Unusual Cause of Obstructive Jaundice 


We report a case of obstructive jaundice after cholecystectomy 
that was due to a foreign body (silk suture) in the common duct. 

A 60-year-old woman was admitted with jaundice 3.5 months after 
she had had cholecystectomy and sphincterotomy. CT showed a 
dilated biliary tree, and the results of blood chemistry tests were 
consistent with obstructive jaundice. An ERCP showed a dilated 
biliary tree and a 1 xX 4 cm elongated filling defect in the common 
duct (Fig. 1). At laparotomy for exploration of the common duct, a 
free fragment of silk surgical suture was found covered with grumous 
material. 

Stone formation around unusual foreign bodies has been reported; 
the most common foreign body is silk surgical suture. Ahlberg [1] 
reported nine cases of stone forming around silk suture and estimated 





LETTERS 197 


Fig. 1.—ERCP shows elon- 
gated filling defect occupying 
most of common bile duct, with 
dilated biliary system. 


r 


that this complication occurs in 0.6% of all cholecystectomies. He 

suggested that resorbable suture material be used to ligate the cystic 

duct. However, nonresorbable suture material or metallic clips con- 

tinue to be used, presumably because resorbable suture material 

might allow the cystic duct to open before healing can occur. When 

the rapidity with which stone formation occurred in this case (3.5 

months) is considered, this complication might be possible even with 
resorbable suture. 

Donald Stallard 

Murali Sundaram 

St. Louis University, Medical Center 

St. Louis, MO 63110-0250 
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Dissecting Intramural Hematoma of the Esophagus 
in Boerhaave Syndrome: CT Findings 


A 42-year-old alcoholic man was admitted because of tightness in 
the chest and substernal pain of acute onset. These symptoms had 
developed suddenly the day before after he drank alcohol and then 
vomited. Chest radiograph showed bilateral superior mediastinal and 
paraspinal widening. Contrast-enhanced CT scan showed a low- 
attenuation (45 H) lesion encircling the gas-filled esophageal lumen 
through the entire course of the esophagus (Fig. 1). This abnormality 
also was found in the gastric fundus and body along the side of the 
lesser curvature. A high-attenuation rim of uniform thickness, pre- 
sumed to be the muscular layer of the esophagus, was noted in the 
outer aspect of the abnormality. Esophagography with 37% Gastro- 
grafin (meglumine diatrizoate) showed marked narrowing of the entire 
esophageal lumen and no extravasation of contrast medium. The 
diagnosis was extensive intramural hematoma accompanying esoph- 
ageal perforation. Because the patient was stable, we decided to use 
conservative treatment. On the patient's fifth day in the hospital, 
shock suddenly developed. A CT scan showed a high-attenuation 
hematoma in the distal esophagus, extensive hematoma in the me- 
diastinum, contrast medium from the previous esophagogram in the 
pleural space, and fluid in the lesser and greater peritoneal sac. At 
surgery, a deep and extensive laceration in the posterior wall of the 
gastric cardia and fundus extending to the distal esophagus, em- 
pyema, and mediastinal hematoma and abscess were found. 

Dallemand et al. [1] reported two cases of intramural hematoma 
of the esophagus and suggested that the combination of a dissecting 
intramural hematoma and a perforation of the esophagus is rare. On 
esophagography, a long, smooth filling defect in the mid and lower 
esophagus, usually on the posterior wall, is characteristic of intra- 
mural hematoma. An esophageal hematoma also may dissect the 
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Fig. 1.—Boerhaave syndrome with esophageal intramural hematoma. 

A and B, CT scans obtained at admission. Scan at level of aortic arch 
(A) shows low-attenuation hematoma (arrows) encircling gas-filled esoph- 
ageal lumen and small bilateral pleural effusions. Scan at level of distal 
esophagus B shows low-attenuation lesion surrounding true lumen of 
esophagus and higher attenuation rim (arrows), presumed muscle layer of 
esophagus, in outer area of hematoma. 

C and D, CT scans obtained 5 days after admission. Scan (C) at same 
level as B shows high-attenuation intramural hematoma (open arrows), 
contrast medium (solid arrows) from previous esophagogram in pleural 
space, and fluid in peritoneal space. Scan at subcarinal level (D) shows 
mediastinal (white solid arrows) and pleural (black arrows) abscess or 
hematoma, esophageal hematoma, contrast medium (arrowheads) in 
pleural space, and infrafissural empyema (white open arrows) with air- 
fluid level in right major fissure. 


esophageal wall in a fashion similar to that of an aortic dissection; 

the result is an esophagus with a double lumen and extensive 

intramural hematoma, as in our case. In cases of dissecting hema- 

toma, esophagography usually shows a double-barreled esophagus 

in which contrast medium can be seen in both the true lumen and 

the false lumen. In some patients, the hematoma does not commu- 

nicate with the lumen and does not fill with contrast medium [2]. 

Spontaneous closure of esophageal rupture in Boerhaave syndrome 

has been reported [3]. In our case, the initial esophagogram showed 

no extravasation of contrast material, but subsequent CT scans 
showed contrast material in the pleural space. 

Kyung Soo Lee 

ll Young Kim 

Pyo Nyun Kim 

and colleagues 

Soonchunhyang University Hospital 

Chunan, 330-100, Korea 
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Trilateral Retinoblastoma 


A 5-month-old male neonate had bilateral leukocoria and inability 
to follow a light source. White reflex was present in both eyes. CT 
showed calcified masses in both retinas (Fig. 1A). Both optic nerves 
were normal, and no tumor spread was evident. Cranial CT showed 
a large enhancing mass with well-defined margins in the region of the 
pineal gland (Fig. 1B). The posterior third ventricle was obliterated, 
and the anterior third ventricle and lateral ventricles were mildly 
dilated. The right eyeball was enucleated, and histologic examination 
confirmed the diagnosis of retinoblastoma. The patient received 
radiotherapy and chemotherapy. A repeat CT scan done after 2 
months showed a reduction in the size of the left eye and pineal 
masses. The patient's parents refused enucleation of the left eye, 
and he was discharged. 

Multicentric retinoblastomas are known to be associated with a 
number of extra- and intracranial tumors [1]. Of these, pineal neo- 
plasms are of special interest because they have been shown to be 
histologically identical to retinoblastomas [2]. Other pineal neoplasms 
such as pineoblastomas are rare in children, and the pineal gland of 
lower animals is known to have photoreceptor cells that are function- 
ally and morphologically similar to retinal photoreceptors. On the 
basis of these findings, it has been suggested that the pineal neo- 
plasm in cases of multicentric retinoblastomas is a true retinoblas- 
toma, and the syndrome is termed trilateral retinoblastoma [3]. Eleven 
cases of this rare condition have been reported so far [4]. Simulta- 
neous detection of intracranial and orbital neoplasms and the early 
onset were unique features in our case. Also, CT findings were not 
recorded in any of the cases reported earlier. CT allows simultaneous 
examination of the orbital contents and intracranial region, and pineal 
neoplasms thus can be detected well before they become sympto- 
matic. In the earlier cases, the pineal neoplasm may have been 
present initially but remained undetected until it became symptomatic. 
The occasional occurrence of trilateral retinoblastomas makes it 
imperative that CT examination of retinoblastomas include a routine 
intracranial scan so that any pineal neoplasms present are not missed. 

Mandira Mukherjee 

Rajesh Gothi 

Shyam S. Doda 

Sudershan K. Aggarwal 

Diwan Chand Satpal Aggarwal Imaging Research Centre 
New Delhi-110007, India 





Fig. 1.—Trilateral retinoblastoma. 

A, Axial CT scan through orbits shows bilateral retinoblastoma. Optic 
nerves are not involved. 

B, CT scan obtained after administration of contrast material shows a 
large enhancing pineal mass. 
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Percutaneous Retrieval of Tandem Right Atrial 
Greenfield Filters 


Migration of Greenfield inferior vena caval filters is a complication 
reported in 7-9% of cases [1]. Several techniques have been devised 
to remove a migrated filter percutaneously. We recently had an 
unusual situation in which two Greenfield filters had migrated inad- 
vertently to the patient’s right atrium. 

A 67-year-old man was treated for pulmonary embolism, which 
recurred despite adequate anticoagulation at another institution. Via 
a jugular cut-down approach, a vascular surgeon released two Green- 
field filters, which migrated to the patient's right atrium (Fig. 1). Three 
days later, the patient was transferred to our institution for further 
management of his extensive pulmonary embolism and migrated 
filters. Because of his tenuous clinical status, we decided to use 
percutaneous retrieval rather than surgical removal. Both filters were 
removed readily by using the technique described by Tsai et al. [2]. 

Shortly after the procedure, the patient died. An autopsy showed 
that the cause of death was massive subacute and chronic pulmonary 
embolism. Careful examination of the right side of the heart showed 
only a 1-mm nick of a chorda tendineae cordis. No other significant 
injury to the endocardium or myocardium was found. 

To the best of our knowledge, only four cases of percutaneous 
retrieval of intracardiac migrated Greenfield filters have been reported 
in the English literature, and no cases of two simultaneously migrated 
filters [3, 4]. In limited animal studies, Greenfield and Crute [5] showed 
that misplaced filters could be retrieved and removed up to 7 days 
after insertion without significant risk of injury to the heart. This case 
illustrates that migrated Greenfield filters can be retrieved percuta- 
neously from the right atrium without significant injury to the endo- 


A 


Fig. 1.—Percutaneous removal of intracardiac Greenfield filters. 

A, Lateral chest radiograph shows vertically and horizontally oriented 
Greenfield filters in right atrium. 

B, Frontal chest radiograph obtained after retrieval of one filter shows 
capture and removal of the second filter. 
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cardium despite the relative vigorous instrumentation required to 
capture and remove them. 

Michael A. Braun 

Mark B. Collins 

Mohammed Sarrafizadeh 

Allan R. Koslow 

Albany Medical Center Hospital 

Albany, NY 12208 
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Ipsilateral Antegrade Femoral Arteriography 


The catheter described for conversion of retrograde to antegrade 
catheterization of the femoral artery [1] also has been used for 
ipsilateral antegrade femoral arteriography in 45 patients. We have 
used this technique in patients who require unilateral arteriograms of 
the lower extremity when visualization of the aortic bifurcation and 
iliac arteries is not needed. 

The catheter has a double curve and is triangular (Cook Inc., 
Bloomington, IN). The common femoral artery is catheterized by 
using the Seldinger technique. The tip of the catheter is inserted into 
a visceral or renal artery, and by means of a pushing and rotational 
motion of the catheter at the groin, the triangular shape of the catheter 
is reformed. The catheter then is brought down into the common and 
external iliac artery with its tip facing the lateral wall. The catheter is 
placed in the middle of the external iliac artery for the angiogram (Fig. 
1). Twenty milliliters of a medium-density contrast material is injected 
at 5 ml/sec. Diagnostic studies are obtained in all cases. 

The advantage of this technique is the smaller volume of contrast 
material used in diagnostic studies. The entire bolus of contrast 
material injected is used to opacify the vessels in the lower extremity. 

Yashwant D. Patel 
Albert Einstein College of Medicine 
Bronx, NY 10461 
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Fig. 1.—Angiogram shows cathe- 
ter in external iliac artery for ante- 
grade femoral arteriography. 
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Nomenclature of Veins in the Lower Extremity 


Recently, some of our referring clinicians have been misled by the 
diagnosis of thrombus in the “superficial femoral vein,” thinking that 
the clot did not predispose to pulmonary embolism because it was in 
a superficial vein. This prompted us to review the nomenclature of 
the veins in the lower extremity. 

According to anatomy texts [1, 2], the deep veins of the leg are 
the popliteal vein from the junction of the anterior and posterior tibial 
veins to the adductor canal, the femoral vein from the adductor canal 
to the inguinal ligament, and the profunda femoris vein draining the 
thigh muscles and joining the femoral vein just below the inguinal 
ligament. These are named for the accompanying arteries. The su- 
perficial veins of the thigh are somewhat variable but include the 
great (long) saphenous vein, the medial and lateral cutaneous veins, 
the superficial epigastric vein, the superficial circumflex iliac vein, 
and the external pudendal vein. They lie in the subcutaneous fat, 
superficial to the muscles. 

Many radiologists refer to the deep veins of the thigh as (1) the 
superficial femoral vein from the adductor canal to its junction with 
the profunda femoris vein and (2) the common femoral vein from the 
junction to the inguinal ligament [3-5]. Unfortunately, the term super- 
ficial femoral vein is a misnomer, as this vessel is a deep vein. As 
significant pulmonary embolism is thought to arise only from the deep 
veins, a physician whose anatomic knowledge is rusty may be 
confused by the diagnosis of thrombosis in a “superficial” vein. 
Therefore, we have returned to standard anatomic nomenclature for 
these veins in the interests of better communication with our clinicians 
and of anatomic precision. 

Eric L. Bressler 

Suburban Radiologic Consultants, Ltd. 
Riverside Medical Center 

Minneapolis, MN 55454 
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Carotid Sonography Contralateral to Severe 
Stenosis 


Beckett et al. [1] describe a series of 23 patients in whom they 
used carotid duplex sonography to examine the artery contralateral 
to an artery that had significant stenosis or occlusion. The authors 
conclude that an increase in blood-flow velocity in the internal carotid 
artery on the side opposite an artery with a tight stenosis or occlusion 
is acommon source of error. 

This conclusion is opposite that drawn by Robinson et al. [2]. In 
that study, my colleagues and | found only a weak correlation 
between the peak systolic velocity (PSV) in the ipsilateral nonstenotic 
vessel compared with the area of stenosis in the contralateral vessel 
(r? = .036, p = .21). This included 19 vessels with a contralateral 
stenosis of >90% reduction in area or occlusion (Fig. 1 from Robinson 
[2]). We think these discrepant conclusions can be explained as 
follows. 

First, the diagnostic duplex sonographic criteria for stenosis used 
by Beckett et al. may be too liberal. They used criteria published by 
Bluth et al. [3] but relied entirely on peak systolic velocity ratio (SVR). 
Bluth et al. [3] also describe criteria that include PSV, peak end- 
diastolic velocity (PEDV), diastolic velocity ratio, and spectral broad- 
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ening. Of the nine cases with a stenosis overestimated on Doppler 
sonography, two were attributed to tortuosity of the vessel and 
inability to see the vessel well. Of the remaining seven, only four fulfill 
the criterion of Bluth et al. of SVR >1.8, and only three fulfill the 
criterion of PEDV >40 cm/sec for the diagnosis of a stenosis >60% 
in diameter. If our criteria [2] had been applied, only four of the seven 
patients would have reached the threshold criterion of SVR >2.0, 
and none would have reached the threshold criterion of PEDV >50 
cm/sec for a >70% area (45% in diameter) of stenosis. When the 
two criteria are in disagreement, a third criterion, such as PSV, may 
be helpful. These data are not provided by Beckett et al. for their 
patients, but examination of their Figure 2 shows a PSV estimated 
as about 110 cm/sec by comparison with the displayed PEDV of 36 
cm/sec. This meets neither threshold (Bluth et al. or Robinson et al.) 
for a stenosis >60% in diameter. Therefore, we think that few, if any, 
of the patients presented had duplex examinations that overestimated 
the degree of stenosis found at angiography. 

Second, for PSV <130 cm/sec, PSV may be more accurate than 
SVR in excluding significant stenosis. In the series of 205 vessels 
that we examined [2], no vessels had an area of stenosis >70% 
(45% diameter) if the PSV was <130 cm/sec. This included 17 vessels 
with SVR >1.8 and seven vessels with SVR >2. For this reason, 
information about PSV in the series of Beckett et al. would be useful. 

Third, the diameter of stenosis determined on the basis of angiog- 
raphy may not be accurate. As stated by Bluth et al., asymmetric 
stenoses are assessed most reliably by determining the percentage 
of the area that is stenotic. The criteria of Bluth et al. are based on 
the diameter of stenosis as measured from the narrowest section of 
the vessel, which was the measurement also used by Beckett et al. 
The criteria of Robinson et al. are based on calculations that deter- 
mine the area of stenosis by using measurements of the reduction in 
diameter in two planes. If the patients presented had asymmetric 
stenoses, the criteria of Robinson et al. would be preferable. 

For these reasons, we disagree with the conclusion of Beckett et 
al. that use of duplex sonography to determine the degree of stenosis 
in the carotid artery contralateral to a severely stenotic or occluded 
internal carotid artery is more prone to error than is use of duplex 
sonography in general. 

David Sacks 
Reading Hospital 
West Reading, PA 19603 
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Reply 


We appreciate Dr. Sacks's interest in our work on duplex sonog- 
raphy [1], and we would like to address the points that he has 
questioned. 

Our criteria for grading stenoses are adapted from those of Zweibel 
and Dreisbach (refresher course presented at the annual meeting of 
the Radiological Society of North American, December 1986), as 
shown in Table 1 of our paper [1]. Although these criteria rely heavily 
on systolic velocity ratio (SVR), they also include real-time imaging 
and peak end-diastolic velocity (PEDV). The criteria of Bluth et al. [2] 
and Robinson et al. [3] had not been published when we did our 
study (January 1987 to May 1988). Our results might have been 
slightly different if we had used different duplex sonographic quanti- 
fications for our criteria. We chose to use diameter rather than area 


for angiographic and duplex sonographic measurements of stenosis 
so that our measurements would correlate better with many previous 
studies, which have achieved accurate duplex sonographic quantifi- 
cation of stenosis by using measurements of diameter. 

Our criteria for overestimation were that a vessel be miscatego- 
rized on the basis of duplex sonographic criteria; that is, the stenosis 
would be more severe according to duplex sonographic measure- 
ments than shown angiographically. We did not suggest that the 
degree of overestimation necessarily placed that vessel in a hemo- 
dynamically significant category. Several of the vessels for which 
stenosis was overestimated on the basis of duplex sonographic data 
would not be hemodynamically significant by any criteria. The patient 
shown in Figure 2 of our paper (peak systolic velocity [PSV], 112; 
SVR, 2.0; and PEDV, 36 cm/sec) meets criteria for both the 40-59% 
and the 60-79% categories of Bluth et al. Thus, these criteria, like 
all grading systems, are guidelines that must be applied in real life to 
patients who may not fall into a clearly defined category. 

We do not use degree of spectral broadening for grading stenosis. 
Spectral broadening is neither a necessary nor a sufficient criterion 
for quantification of stenosis. It is a common occurrence in the 
absence of stenosis and is associated with vessel branching, tor- 
tuosity, changes in vessel diameter (i.e., carotid bulb), and so forth 
[4]. 

Our criteria as adapted from Zweibel and Dreisbach stress SVR 
rather than PSV. We think this is necessary because many of our 
patients with hypertension or aortic valve disease have elevated PSV 
throughout the common and internal carotid arteries. In this setting, 
we think that an arbitrary threshold value for the PSV of the internal 
carotid artery has less significance than the ratio of internal carotid 
to common carotid velocity. We are not aware of data suggesting 
that measurements of PSV are superior to measurements of SVR for 
quantification of stenosis. Robinson et al. found that PSV, SVR, and 
PEDV were “equivalent predictors of significant disease”; PSV was 
preferred in that study because of the “ease of measurement” [4]. 
Previously reported studies [3, 5] have used multiple parameters for 
quantification of stenosis; SVR was equally, if not more, reliable than 
PSV for this purpose. 

Patricia C. Davis 

William W. Beckett, Jr. 

James C. Hoffman, Jr. 

Emory University School of Medicine 
Atlanta, GA 30322 
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Fig. 1.—Radiograph shows 
multiple osteolytic defects in 
skull extending from frontal 
area to posterior parietal re- 
gion in a bandlike fashion. 





Multiple Osteolytic Skull Defects: Significance of a 
Band Pattern 


Multiple osteolytic defects in the skull are a well-established radio- 
logic entity. latrogenic causes for the appearance of such lesions 
rarely have been described. We report one more iatrogenic cause. 

During a routine reporting session, we saw a lateral radiograph of 
the skull that showed multiple small osteolytic defects. The defects 
were well defined, strikingly equal in size, and fairly evenly spaced. 
Another odd feature was their bandlike distribution from the frontal 
to the posterior parietal region (Fig. 1). This bandlike pattern along 
with the equal size and even spacing suggested an iatrogenic cause, 
which was confirmed. Details are as follows. 

A 19-year-old woman had a gross avulsion injury of the scalp as a 
result of having her long hair entangled in a weaving machine. The 
scalp was avulsed from the frontal area up to the posterior parietal 
region. Skull radiographs at admission were normal. After a period of 
primary treatment, which was complicated by wound infection, the 
plastic surgeons decided to enhance the chances of the wound’s 
healing by drilling the outer table of the skull. Multiple small holes 
were drilled in the outer table, extending from the frontal region to 
the posterior parietal region. These were the osteolytic skull defects 
noted on the radiograph we saw. 

Trephining of the skull was performed by the Incas of Peru before 
1500 A.D. [1]. Spontaneous healing apparently occurred in many 
cases of infection that complicated this ancient practice. Multiple 
surgical holes also have been made on one side of the cranium for 
the treatment of epilepsy or for benign intracranial hypertension 
(pseudotumor cerebri) [1]. A regular array of discrete round holes 
was fashioned in Turkey in an effort to promote vascularization and 
growth of skin grafts [1]. In our case, holes were drilled in the outer 
table to promote the growth of granulation tissue from the diploë so 
that grafting could be attempted later. 

Vimal H. Patel 

Suleman Merchant 

Abbas Mistry 

and colleagues 

King Edward Memorial Hospital 
Parel, Bombay 400 072, India 
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The New England Journal of Medicine 


Twelve-year comparison of a Bjork~Shiley mechanical heart valve 
with porcine bioprostheses. Bloomfield P, Wheatley DJ, Prescott 
RJ, Miller HC (HCM, Dept. of Cardiology, Royal infirmary, Edinburgh 
EH3 9YW, Scotland). N Engi J Med 324(9):573-579, Feb. 1991 


Background. Patients undergoing heart-valve replacement may 
receive a mechanical prosthesis, necessitating lifelong anticoagulant 
treatment, or a porcine bioprosthesis, which involves no absolute 
need for anticoagulants. 

Methods. We carried out a randomized, prospective trial to com- 
pare the durability of the Bjork—Shiley mechanical prosthesis (spher- 
ical tilting-disk model) and the incidence of valve-related complications 
with those variables in the Hancock and the Carpentier-Edwards 
porcine prostheses. The mitral valve was replaced in 261 patients, 
the aortic valve in 211, and both in 61; the survivors have been 
followed up for a mean of 12 years. 

Results. We found a trend toward improved actuarial survival after 
12 years with the Bjork-Shiley prosthesis, but this trend was not 
Statistically significant (group with Bjork-Shiley vaive vs. group with 
porcine valve [mean + SE], 51.5 + 3.2 vs. 44.4 + 3.2 percent; P = 
0.08). There was no significant difference in the actuarial incidence 
of reoperation after 5 years, but after 12 years significantly more 
patients with a porcine prosthesis had undergone reoperation (8.5 + 
2.0 vs. 37.1 + 4.1 percent, P < 0.001). An analysis combining death 
and reoperation as end points for an actuarial assessment of survival 
with the original prosthesis intact confirmed that the patients with 
Bjork—Shiley prostheses had improved survival (48.6 + 3.2 vs. 30.0 
+ 3.0 percent after 12 years, P < 0.001). Bleeding requiring hospi- 
talization or blood transfusion was significantly more frequent in the 
patients with Bjork-Shiley prostheses (18.6 + 3.2 vs. 7.1 + 2.3 
percent after 12 years, P < 0.01). There was no significant difference 
after 12 years in the actuarial occurrence of embolism (Bjork—Shiley 
vs. porcine, 21.1 + 3.1 vs. 26.4 + 3.5 percent) or endocarditis (3.7 
+ 1.4 vs. 4.6 + 1.6 percent). 

Conclusions. Survival with an intact valve is better among patients 
with the Bjork-Shiley spherical tilting-disk prosthesis than among 
patients with porcine bioprostheses, but use of the Bjork~Shiley valve 
carries an attendant increased risk of bleeding associated with the 
need for anticoagulant treatment. 


Chest 


Treatment of end-stage chronic obstructive pulmonary disease 
with double lung transplantation. Emery RW, Graif JL, Hale K, et 


al. (RWE, 920 E. 28th St., Minneapolis, MN 55407). Chest 99(3):533- 
537, March 1991 


Six patients with end-stage emphysema (age 44 + 2 years) under- 
went double lung transplantation (Tx) from June 1988 through May 
1990. Ali suffered from severe inanition and required oxygen therapy. 
The ischemic time was 193 + 28 minutes. Post-Tx immune suppres- 
sion was OKT3 (14 days), cyclosporine (trough levels of 150 + 25 
ng/ml), azathioprine to keep WBC at 3,000 to 5,000/cu mm (1 to 3.0 
mg/kg/day) and following OKT3, a tapering prednisone regimen. 
Two rejection episodes that occurred in two patients on post-Tx day 
5 and 10 were treated with bolus doses of methylprednisolone. The 
mean hospital stay was 32 + 7 days (range, 20 to 69 days). Four 
patients required treatment of cytomegalovirus (CMV) infection: gas- 
tritis (+donor, +recipient) in one and CMV pneumonia in two (+donor, 
~recipient). A fourth (+donor, ~recipient) had right-sided Candida 
empyema six weeks post-Tx, developed CMV and staphylococcal 
sepsis, and died 64 days post-Tx. One patient required pyloroplasty 
eight weeks post-Tx and one patient underwent tracheal suture line 
repair at eight weeks. During a follow-up of 81 patients months 
(range, 8 to 24 months), one patient had developed Epstein-Barr viral 
(EBV) induced lymphoproliferative disease in the lung and one patient 
had developed EBV lymphoma. Three patients are at work, one is 
continuing rehabilitation, and one is at home. Double lung Tx offers 
a definitive benefit to patients with emphysema; however, a prolonged 
postoperative course can be expected. Viral infections remain serious 
but treatable problems. 


Gastroenterology 


Adenovirus colitis in the acquired immunodeficiency syndrome. 
Janoff EN, Orenstein JM, Manischewitz JF, Smith PD (ENJ, infectious 
Disease Section, Dept. of Medicine, Veterans Affairs Medical Center, 
University of Minnesota School of Medicine, Minneapolis, MN). Gas- 
troenterology 100:976-979, 1991 


Adenovirus was identified in colonic tissue by transmission electron 
microscopy or culture in 5 of 67 (7.4%) homosexual men seropositive 
for human immunodeficiency virus (51 with the acquired immunode- 
ficiency syndrome) with diarrnea. Colonoscopy showed the mucosa 
to be normal in 3 cases and mildly inflamed in 2. Light microscopy 
showed foci of mucosal necrosis that contained chronic inflammatory 
cells and degenerating and necrotic epithelial cells with amphophilic 
nuclear inclusions. By transmission electron microscopy, hexagonal 
viral particles characteristic of adenovirus were identified within the 
inclusions. Only 1 patient was concomitantly infected by a second 
potential enteric pathogen. It was concluded that adenovirus, an 
uncommon enteric pathogen in immunocompetent adults, causes 
intestinal pathology and may be associated with diarrheal illness in 
persons with the acquired immunodeficiency syndrome. 


Reprinted with permission by the American Gastroenterological Association. 


Adenocarcinomas of the colon and rectum in persons under 40 
years old: a population-based study. Griffin PM, Liff JM, Greenberg 
RS, Clark WS (PMG, Enteric Diseases Branch, Division of Bacterial 
and Mycotic Diseases, Center for Infectious Diseases, Centers for 
Disease Control, Public Health Service, U.S. Dept. of Health and 
Human Services, Atlanta, GA). Gastroenterology 100:1033-1040, 
1991 


Data collected by nine population-based tumor registries partici- 
pating in the Surveillance, Epidemiology, and End Results Program 
of the National Cancer Institute were analyzed to characterize the 
epidemiology of noncarcinoid adenocarcinomas of the colon and 
rectum in young adults. Tumors diagnosed in persons under 40 years 
old between 1973 and 1984 (n = 1736) were compared with those 
in persons 40 years and older (n = 106,760). This first large U.S. 
population-based study of colorectal adenocarcinomas in the young 
shows a higher incidence in blacks than whites and later detection in 
black males. It also shows a higher proportion of tumors of mucinous 
and signet ring histological type than in older age groups. Among the 
younger group, the average annual age-adjusted incidence rate was 
34% higher in black males than in white males (12.6 vs. 9.4 per 
million persons) and 46% higher in black females than in white females 
{13.0 vs. 8.9 per million persons). The proportion of tumors that were 
right-sided varied by age: 0-29 years, 30%; 30-39 years, 26%; 40- 
49 years, 22%; 50-59 years, 21%; 60-69 years, 24%; 70-79 years, 
30%; and 80+ years, 35%. Males under age 40 were less likely to 
present with localized disease (whites, 27%; blacks, 21%) than were 
those aged 40 and older (whites, 39%; blacks, 36%). The proportion 
of tumors classified as mucinous decreased with age, from 28% 
among those aged 0-19 years to 5% among those 40 years and 
older. A similar trend was observed for signet ring tumors. Although 
this latter type accounted for 10% of large-bowel tumors among 
subjects aged 0-19 years, this proportion decreased with age to 
0.2% in those 40 years and older. 


Reprinted with permission of the American Gastroenterological Association. 


Quantitative cholescintigraphy in the assessment of choledo- 
choduodenal bile flow. Cicala M, Scopinaro F, Corazziari E, et al. 
(MC, Cattedra di Gastroenterologia |, Clinica Medica Il, Universita La 
Sapienza, Rome, Italy). Gastroenterology 100:1106-1113, 1991 


Quantitative cholescintigraphy has been proposed as a noninvasive 
method to assess function of the sphincter of Oddi in cholecystec- 
tomized subjects. The present study evaluated several quantitative 
cholescintigraphic variables to assess their time-related variability as 
well as their capability to detect delay of choledochoduodenal bile 
flow. Cholescintigraphy with 2,6-diethylphenyicarbahoyimethyl di- 
acetic acid "Tc was performed in 24 cholecystectomized patients 
with recurrent biliarylike pain, laboratory evidence of bile stasis, 
normal hepatocelluar function tests, and no evidence of choledocho- 
lithiasis. The study was also performed in 26 asymptomatic chole- 
cystectomized subjects and repeated at 2-week intervals during 
identical experimental conditions in 10 of them. Of the following 
quantitative cholescintigraphic variables investigated, (a) hepatic T 
peak, (b) 50% hepatic retention (T peak, 2), (c) percent hepatic 
retention at 30 minutes, (d) percent hepatic retention at 40 minutes, 
(e) vein—hepatic hilum transit time, (f) vein-duodenum transit time, and 
(g) hepatic hilum~duodenum transit time, only the hepatic hilum—- 
duodenum transit time showed a Statistically significant correlation 
between the duplicate studies. Only vein-duodenum transit time and 
hepatic hilum—duodenum transit time discriminated the symptomatic 
from the asymptomatic patients; of the two variables, however, 
hepatic hilum—duodenum transit time showed less intrasubject vari- 
ability and no overlap between the two groups of patients. Hepatic 
hilum—duodenum transit time showed a positive linear correlation 
with the maximum diameter of the choledochus. It is concluded that 
in cholecystectomized patients, the hepatic hilum—duodenum transit 
time appears to detect a delay of bile flow into the intestine better 
than any other cholescintigraphic variable. However, in patients with 
a dilated common bile duct, this variable cannot discriminate bile flow 
delay due to increased choledochal capacity and/or obstruction of 
the sphincter of Oddi. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Biliary pain in postcholecystectomy patients without biliary ob- 
struction: a prospective radionuclide study. Grimon G, Buffet C, 
André L, Etienne JP, Desgrez A (GG, Hopital de Bicetre, 94700 Le 
Kremlin-Bicetre, France). Dig Dis Sci 36(3):317-320, March 1991 


Biliary pain without obvious biliary obstruction is common in 
postcholecystectomy patients. We studied 20 symptomatic patients 
with episodes of biliary-type pain after cholecystectomy (all having 
undergone endoscopic retrograde cholangiography}. and in 18 
asymptomatic postcholecystectomy controls. We performed quanti- 
tative hepatobiliary radionuclide analysis with dimethyl-imidodiacetic 
acid. From a series of 90 dynamic images at 1-min intervals using a 
gamma camera coupled to a computer, time~activity curves were 
produced in regions of interest in the liver, intrahepatic biliary tree, 
common duct, and heart, from which quantitative biliary excretion 
indexes were obtained. The results demonstrate a biliary kinetic 
dysfunction in patients with postcholecystectomy pain without mor- 
phological abnormalities. 


The Journal of Bone and Joint Surgery 


Total hip replacement with cemented, uncemented, and hybrid 
prostheses: a comparison of clinical and radiographic results at 
two and four years. Wixson RL, Stulberg SD, Mehihoff M (RLW, 
233 E. Erie St., Chicago, iL 60611). J Bone Joint Surg [Am] 73- 
A(2):257~270, Feb. 1991 


One hundred and thirty-one patients who had 144 cemented or 
uncemented hip prostheses were followed prospectively for two to 
four years. A cemented or a hybrid prosthesis (consisting of a 
cemented femoral component and an uncemented acetabular com- 
ponent) was used in men older than seventy years, in women older 
than sixty years, and in younger patients in whom adequate initial 
fixation could not be obtained without cement. Uncemented, porous- 
surfaced implants were used in all other patients. 

The over-all clinical results were similar for the three groups. For 
the fifty-two hips that had a cemented prosthesis, the mean total 
Harris hip rating was 91 points and the score for pain, 42 points; for 
the twenty-seven hips that had a hybrid prosthesis, 90 and 43 points; 
and for the sixty-five hips that had an implant allowing ingrowth of 
bone in both the acetabulum and the femur, 95 and 43 points. 

Two prosthetic stems that were designed to alow ingrowth of 
bone had aseptic loosening; one was revised. Pain in the thigh, 
usually slight and not disabling, occurred at one year in 24 per cent 
of the patients in whom a femoral component allowing ingrowth had 
been used; the prevalence of pain then declined. The incidences of 
migration of the components and of radiolucent lines were greater in 
the acetabula that had a cemented component than in those that had 
a cup allowing ingrowth of bone. 


Clinical Orthopaedics and Related Research 


A clinical perspective on common forms of acquired heterotopic 
ossification. Garland DE (DEG, Rancho Los Amigos Medical Center, 
7601 E. imperial Hwy., Downey, CA 90242). Clin Orthap 263:13-29, 
Feb. 1991 


The clinical courses of heterotopic ossification (HO) as a conse- 
quence of trauma and central nervous system insults have many 
similarities as well as dissimilarities. Detection is commonly noted at 
two months. The incidence of clinically significant HO is 10%-20%. 
Approximately 10% of the HO is massive and causes severe restric- 
tion in joint motion or ankylosis. The most common sign and symptom 
are decreased range of motion and pain. The locations are the 
proximal limbs and joints. Sites of HO about a joint may vary accord- 
ing to the etiology of the HO. Roentgenographic evolution of HO 
occurs during a six-month period in the majority of patients. Treat- 
ment modalities include diphosphonates, indomethacin, radiation, 
range of motion exercises, and surgical excision. Surgical timing 
differs according to etiology; traumatic HO may be resected at six 
months; spinal cord injury HO is excised at one year, and traumatic 
brain injury HO is removed at 1.5 years. A small number of patients 





have progression of HO with medicinal treatment and recurrence 
after resection. The patients seem recalcitrant to present treatment 
methods regardiess of the HO etiology. 


Congenital anomalies of the cervical spine. Hensinger RN (RNH, 
Section of Orthopaedic Surgery, 1500 E. Medical Center Dr., 2912 
TC/0328, Ann Arbor, MI 48109). Clin Orthop 264:16-38, March 1991 


Congenital anomalies of the cervical spine are uncommon. The 
majority of afflicted individuals are asymptomatic or have only mild 
restriction of neck motion. If symptoms develop, they are usually due 
to cervical instability or degenerative osteoarthrosis. Recent infor- 
mation indicates that patients with upper cervical anomalies such as 
atlantooccipitai fusion, anomalies of the odontoid, or the transverse 
atiantal ligament have a great propensity to develop early instability 
and neurologic problems secondary to minor traumatic events. If 
symptoms occur in the lower cervical spine, it is usually in adult life 
and due to degenerative arthritis in the hypermobile articulations 
adjacent to the area of synostosis. The relatively good prognosis of 
cervical lesions is overshadowed by the “hidden” or unrecognized 
associated anomalies. There is a high incidence of significant sco- 
liosis. Sprengel’s deformity, renal anomalies, deafness, and neuro- 
logic malformations. Early recognition and treatment of these prob- 
lems may be of substantial benefit, sparing the patient further deform- 
ity or serious illness. 


The Journal of Urology 


Spontaneous perinephric hemorrhage: imaging and management. 
Zagoria RJ, Dyer RB, Assimos DG, Scharling ES, Quinn SF (RJZ, 
Dept. of Radiology, Bowman Gray School of Medicine, Winston- 
Salem, NC 27103). J Urol 145:468-471, March 1991 


We report on 10 patients with spontaneous perinephric hemor- 
rhage associated with underlying disease, including renal cell carci- 
noma (5), angiomyolipoma (2), malignant melanoma (1), periarteritis 
nodosa (1) and severe portal hypertension (1). The etiology could not 
be identified with computerized tomography (CT) in 5 cases (50%), 
including 2 renal cell carcinomas, 1 angiomyolipoma, 1 periarteritis 
nodosa and 1 portal hypertension. Arteriography demonstrated un- 
derlying lesions in 4 of these 5 cases (80%) including the case of 
vasculitis. CT combined with magnetic resonance imaging is accurate 
for the diagnosis of spontaneous perinephric hemorrhage but the 
underlying pathological condition is often undetectable in the acute 
phase due to the perinephric blood. CT should be the first study 
performed if this diagnosis is suspected. Arteriography is recom- 
mended if a renal mass is not detected. If a mass is not identified 
with these 2 imaging studies and the patient is clinically stable, 
followup thin slice CT should be performed. 


Gastrointestinal Radiology 


Duodenitis: a reliable radiologic diagnosis? Levine MS, Turner D, 
Ekberg O, Rubesin SE, Katzka DA (MSL, Dept. of Radiology, Hospital 
of the University of Pennsylvania, 3400 Spruce St., Philadelphia, PA 
19104). Gastrointest Radiol 16:99-~-103, 1991 


The authors performed a retrospective study of 50 patients with 
endoscopically diagnosed duodenitis who had undergone double- 
contrast upper gastrointestinal (Gl) examinations. Duodenitis was 
diagnosed on the original radiographic reports in six of 37 patients 
(16%) with mild-to-moderate duodenitis, five of 13 patients (38%) 
with severe duodenitis, and 11 of 50 patients (22%) with all grades 
of duodenitis on endoscopy. Subsequent analysis of the films re- 
vealed one or more radiologic signs of duodenitis (including folds 
more than 4 mm in thickness, mucosal nodularity, bulbar deformity, 
and erosions) in 18 of 37 patients (49%) with mild-to-moderate 
duodenitis, eight of 13 patients (62%) with severe duodenitis, and 26 
of 50 patients (52%) with all grades of duodenitis on endoscopy. In 
a separate part of the study, the authors identified another 20 patients 
with radiographically diagnosed duodenitis who had undergone en- 
doscopic examinations. Nine of those 20 patients (45%) had duode- 
nitis on endoscopy. Subsequent analysis of the films revealed one or 
more signs of duodenitis in 17 patients from this group. Nine of the 
latter patients (63%) had duodenitis on endoscopy. Using established 
radiologic criteria for duodenitis, our rate of false-positive and false- 


negative radiologic diagnoses still was about 50%. Thus, the double- 
contrast upper GI examination is a relatively unreliable technique for 
diagnosing duodenitis. 


Hyperplasia of Brunner glands: the spectrum of its radiographic 
manifestations. Merine D, Jones B, Ghahremani GG, Hamilton SR, 
Bayless TM (BJ, Dept. of Radiology, The Johns Hopkins Hospital, 
600 N. Wolfe St., Baltimore, MD 21205). Gastrointest Radiol 16:104- 
108, 1991 


Radiographic features of the duodenal mucosa were analyzed in a 
series of 26 patients in whom the diagnosis of Brunner gland hyper- 
plasis (BGH) had been established by endoscopic biopsies. The 
observed mucosal patterns could be classified into five categories: 
(1) focal BGH causing a solitary submucosal adenoma or a cluster of 
sessile polyps in the otherwise smooth duodenal bulb surface (five 
cases); (2) diffuse BGH manifested by a myriad of small and uniform 
mucosal elevations (six cases); (3) multifocal BGH producing large 
and well-demarcated polygonal masses (six cases); (4) BGH with 
concomitant acute and/or chronic duodenitis showing marked thick- 
ening and nodularity of duodenal folds (four cases); or (5) BGH with 
predominant erosive duodenitis, leading to ulcerations (five cases). 
These radiographic findings showed a good correlation with the 
endoscopic and histopathologic manifestations of BGH and the fre- 
quently coexistent duodenitis. 


Primary gallbladder carcinoma: imaging findings in 50 patients 
with pathologic correlation. Franquet T, Montes M, Ruiz de Azua 
Y, Jimenez FJ, Cozcolluela R (TF, Dept of Radiology, Hospital “Virgen 
del Camino,” c/irunlarrea s/n, Pamplona 31008, Spain). Gastrointest 
Radiol 16:143-148, 1991 


Different diagnostic imaging modalities [contrast cholangiography, 
ultrasonography, and computed tomography (CT)] in a large group 
of patients with proven gailbladder carcinoma are reviewed. Nonin- 
vasive cross-sectional imaging methods strongly correlated with the 
different gross pathologic types of gallbladder carcinoma. The most 
common observed type was a mass replacing the gallbladder (39%). 
Other types observed either by sonography and/or CT were a focal/ 
diffuse gallbladder wall thickening and the presence of an intraluminal 
polypoid mass. Despite the improvement in several imaging modali- 
ties, most of the preoperatively diagnosed gallbladder carcinomas 
were in advanced stage (84%). A combined approach using nonin- 
vasive diagnostic methods and percutaneous aspirative biopsies may 
reduce the number of explorative laparotomies in the final diagnosis 
of gallbladder carcinoma. 


Journal of Ultrasound in Medicine 


Effect of measurement errors on sonographic evaluation of ven- 
triculomegaly. Heiserman J, Filly RA, Goldstein RB (RAF, Dept. of 
Radiology, M/S 0628, University of California School of Medicine, 
San Francisco, CA 94143). J Ultrasound Med 10:121-124, March 
1991 


Ventriculomegaly is a sensitive indicator of maldevelopment of the 
fetal brain and spinal cord. The fetal ventricular atrium is an optimal 
portion of lateral ventricular system to measure in order to judge 
ventriculomegaly. We tested the susceptibility of this measurement 
to inaccuracies created by errors in cursor placement or improper 
selection of the plane of section for measurement in 52 normal 
fetuses. This measurement was shown to be reasonably insensitive 
to errors in cursor placement along the axis of the ventricular system. 
However, choice of an off-axis image plane of section, an angled 
measurement, or improper choice of ventricular boundary leads to a 
relatively large number of false-positive test results (approximately 
10%). None of the simulated errors in atrial measurements underes- 
timates the size of the ventricle, and thus, they are unlikely to result 
in a diminution of test sensitivity. 


Reprinted with permission by the American institute of Ultrasound in 
Medicine. 
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Nuclear Medicine Update 


The Dept. of Radiology, Division of Nuclear Medicine, Emory 
University School of Medicine, will present Nuclear Medicine Update, 
July 7-11, at Lake Lanier Islands Hotel and Golf Club, Lake Lanier 
Islands, GA. The course is designed for radiologists, nuclear medicine 
physicians, and technologists. It will review several areas of clinical 
nuclear medicine and present information on recent developments in 
each area. Topics will include infection, bone, renal, cardiac, brain, 
hepatobiliary, endocrine, and lung imaging, with emphasis on single- 
photon emission CT. Course codirectors: Naomi P. Alazraki, Ernest 
V. Garcia, and Andrew Taylor, Jr. Category 1 credit: 17 hr. Fee: $500. 
information: Continuing Medical Education, Emory University School 
of Medicine, 1440 Clifton Rd., N.E., 111-A WHSCAB, Atlanta, GA 
30322; telephone: (404) 727-5695; fax: (404) 727-5667. 


Summer Imaging and Interventional Techniques IX 


The Dept. of Radiology, Emory University School of Medicine, will 
present Summer Imaging and Interventional Techniques IX, Aug. 5- 
9, at Amelia Island Plantation, Amelia island, FL. State-of-the-art 
imaging techniques, including MR, CT, Doppler sonography, scintig- 
raphy, and interventional techniques, will be demonstrated. The tech- 
niques will be presented in an organ-oriented format to aid in specific 
problem solving. The discussions will include correlation among the 
various techniques so the clinician will have a better understanding 
of which techniques to use in specific situations. Course directors: 
Bruce R. Baumgartner and Maria del Pilar Fernandez. Guest faculty: 
A. D. Elster, |. Laufer, T. G. McLoud, and M. D. Rifkin. Category 1 
credit: 20.5 hr. Fee: physicians, $550; residents in training (letter 
required), $250. Information: Continuing Medical Education, Emory 
University School of Medicine, 1440 Clifton Rd., N.E., 111-A 
WHSCAB, Atlanta, GA 30322; telephone: (404) 727-5695; fax: (404) 
727-5667. 


Registry Preparation Courses for Sonographers 


Several registry preparation courses for sonographers will be 
offered in August, September, and October. Abdominal Ultrasound 
Review will be given Aug. 22-23 at the Ritz-Carlton Pentagon City 
Hotel, Washington, DC. Instructor: Kenneth J. W. Taylor. Fee: $220. 
OB/GYN Ultrasound Review will be offered Aug. 24 at the Ritz- 
Carlton Pentagon City and Sept. 22 at the Doubletree Marine Beach 
Hotel, Los Angeles. instructors will be Kenneth J. W. Taylor and Dale 
R. Cyr, respectively. Fee: $125. Ultrasound and Doppler Physics will 
be given Aug. 25~26 at the Ritz-Carlton Pentagon City, Washington, 


DC; Sept. 7-8 at the Radisson Suite Hotel O'Hare Airport, Chicago: 
Sept. 20-21 at the Doubletree Marina Beach, Los Angeles; and Oct. 
5-6 at the Hyatt Regency Dallas at Reunion Hotel, Dallas. Instructor: 
Frederick W. Kremkau. Fee: $250. Vascular Technology will be 
presented Aug. 27-28 at the Ritz-Carlton Pentagon City, Washing- 
ton, DC. Instructor: Cynthia B. Burnham. Fee: $250. Information: 
Office of Postgraduate and Continuing Medical Education, Yale Uni- 
versity School of Medicine, 333 Cedar St., P. O. Box 3333, New 
Haven, CT 06510; (203) 785-4578. 


Physics of Diagnostic Radiology, Nuclear Medicine, 
and Radiation Biology 


The Dept. of Radiology and the Office of Continuing Medical 
Education, University of California, Davis Schoo! of Medicine, are 
offering Physics of Diagnostic Radiology, Nuclear Medicine, and 
Radiation Biology, Sept. 5-8, at the University of California, Davis. 
The course is intended to be a review for residents in diagnostic 
radiology and nuclear medicine. Course directors: Jerrold T. Bush- 
berg and J. Anthony Seibert. Category 1 credit: 25 hr. Fee: $395. 
Information: Office of Continuing Medical Education, University of 
California, Davis School of Medicine, 2701 Stockton Blvd., Sacra- 
mento, CA 95817; (916) 734-5390. 


International Imaging Course 


The 4th International Imaging Course: Neuroradiology and Paedia- 
tric Radiology will be held Sept. 30-Oct. 5 at the Regal Riverside 
Hotel, Hong Kong. Course organizers: L. Kreel, C. Metreweli, and T. 
L. Lawson. Category 1 credit: 35 hr. Information: Miss Rebecca Tsui, 
Dept. of Radiology, Prince of Wales Hospital, Shatin. Hong Kong: 
telephone: (852) 6363213; fax: (852) 6360012. 


Magnetic Resonance Imaging 1991: Back to the 
Future 


The Dept. of Radiology, University of Cincinnati College of Medi- 
cine, will present Magnetic Resonance Imaging 1991: Back to the 
Future, Oct. 2-5, at the Westin Hotel Fountain Square, Cincinnati. 
Course directors: George S. Bisset Ill, Robert R. Lukin, and Jonathan 
S. Moulton. Guest faculty: R. A. Clark, B. Drayer, C. A. Helms, and 
D. Resnick. Category 1 credit: 20 hr. Information: Lynne K. Tiras, 
CMP, Conference Coordinator, International Meeting Managers, Inc., 
4550 Post Oak PI., Ste. 248, Houston, TX 77037; telephone: (713) 
965-0566; fax: (713) 960-0488. 
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Breast Cancer Diagnosis: State-of-the-Art 


Breast Cancer Diagnosis: State-of-the-Art will be presented Oct. 
7-8 at NYU Medical Center, New York City. The focus of the 
conference will be a comprehensive review of the mammographic 
detection of small cancers and their further evaluation with interven- 
tional methods. Emphasis will be on improving the detection of early 
breast lesions. Registrants will have the opportunity to enhance their 
diagnostic skills by participating in film review screening sessions 
with the faculty and by attending workshops on the practical aspects 
of interventional techniques. Category 1 credit: 14 hr. Fee: $275. 
Information: NYU Medical Center, Post-Graduate Medical School, 
550 First Ave., New York, NY 10016; (212) 263-5295. 


Practical Training in Interventional Radiology 


Training courses will be held at the Radiology Experimental Re- 
search Center, University Hospital, Lund, Sweden, Oct. 7-11 and 
Nov. 4-8. Participants will be trained in performing a variety of 
interventional procedures, such as superselective arterial catheteri- 
zation, emboiization, vascular stenting, placement of filters, percuta- 
neous transhepatic cholangiography, percutaneous pyelostomy, per- 
cutaneous cholecystostomy, and retrieval of foreign bodies from the 
vascular system. All procedures will be done on anesthetized pigs. 
The number of participants will be limited to five in each course. 
Program directors: Oct. 7-11, Anders Lunderquist and Sydney Wal- 
lace; Nov. 4~8, Anders Lunderquist and Josef Rösch. information: 
Anders Lunderquist, M.D., Dept. of Radiology, University Hospital, S- 
221 85 Lund, Sweden; fax: (46) 116956; or Eva Jönsson, telephone: 
(46) 173001. 


MRI: Clinical State of the Art 1991 


MRI: Clinical State of the Art 1991 will be presented at the NYU 
Medical Center, New York City, Oct. 9-12. The course will provide a 
practical, clinically oriented review and analysis of the state of the art 
of MR imaging and an introduction to some of the promising new 
developments in MR. The emphasis will be on anatomy, applications, 
techniques, and interpretation. Areas to be covered include brain, 
spine, bones and joints, cardiovascular system, and body. Category 
1 credit: 25.5 hr. Fee: $500. information: NYU Medical Center, Post- 
Graduate Medical School, 550 First Ave., New York, NY 10016; (212) 
263-5295. 


interventional Radiology Course 


The Dept. of Radiology, University of California, San Diego School 
of Medicine, will present the 11th annual Interventional Radiology 
Course, Nov. 1-3, at the Hotel Del Coronado, Coronado (San Diego), 
CA. Program director: Eric vanSonnenberg. Fee: physicians, $375; 
residents, fellows, and technologists, $300. Information: Dawne 
Ryais, Ryals and Associates, P. O. Box 1925, Roswell, GA 30077- 
1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Seminar on Bone and Joint Diseases 


Maricopa Medical Center, Phoenix, AZ, is sponsoring the 20th 
annual seminar, Bone and Joint Diseases, Nov. 15-17, at Marriott's 
Camelback Inn, Scottsdale, AZ. Program director: Alex Newman. 
Category 1 credit: 24 hr. Fee: 3 days, $480; 2 days, $320. Information: 
Alex Newman, M.D., Dept. of Radiology, Maricopa Medical Center, 
P. O. Box 5099, Phoenix, AZ 85010; (602) 267-5361. 
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Asian Oceanian Congress of Radiology 


The Indian Radiological and Imaging Association will host the 6th 
Asian Oceanian Congress of Radiology (AOCR) Dec. 14-18 in New 
Deihi. The theme of the congress will be Optimisation in Radiological 
Services in Third World Countries. The scientific sessions will include 
state-of-the-art lectures, symposia, film reading sessions, daily con- 
tinuing medical education programs, and proffered papers. President: 
K. R. Chaudhari. Secretary General: Sudarshan K. Aggarwal. Cate- 
gory 1 credit: 13.5 hr. Information: Dr. Sudarshan K. Aggarwal, 
Secretary General 6th ACOR, c/o Dr. Diwan Chand Aggarwal Imaging 
Research Centre, 10-B, Kasturba Gandhi Marg, New Delhi-110 001, 
India; telephone: 3713302; fax: 3713308. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 3-4, 1991; Oct. 1-2, 1922; and Oct. 14-15, 
1993. Oral examinations will be held at the Executive West Hotel in 
Louisville, KY, June 3-7, 1991; June 1-5, 1992; and May 31~June 
4, 1993. The ABR will accept applications for admission to the 
examinations after July 1, but not later than Sept. 30, in the year 
preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48009. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJA issue 
given in parentheses. 


Visiting Fellowships in Interventional Radiology, times arranged, 
Baltimore (Oct 1990) 

Swallowing Center Preceptorship, times arranged, Baltimore (Jan) 
Imaging Fellowship, times arranged, Miami Beach, FL (Jan) 
Preceptorships in Ultrasound at Johns Hopkins, time arranged, 
Baltimore (June) 

Workshop on New Devices for Cardiac and Peripheral Vascular 
Laboratories, July 1-3, Lake Buena Vista, FL (June) 

Leeds Gastroenterology Course for Radiologists, July 1-5, Leeds, 
England (Dec 1990) 

International Congress of Radiation Research, July 7-12, Toronto 
(May 1990) 

Neuroradiology in the Rockies, July 7-12, Snowmass at Aspen, 
CO (Feb) 

Mackinac island Imaging Conference, July 8-11, Mackinac Island, 
Mi (May) 

Physics and Instrumentation, July 8-12, Philadelphia (June) 
Mammography and the Search for Breast Cancer, July 12-13, 
Rochester, NY (April) 

Alaska 91—Cruise the Inland Passage—Magnetic Resonance 
Imaging at Sea, July 14-21 (April) 

Advances in Gastroenterology, July 15-19, Coronado (San Diego), 
CA (March) 

Cross Sectional Anatomy, July 15-19, Philadelphia (June) 
Radiology for the Non-Radiologist, July 18-21, Coronado (San 
Diego), CA (March) 

Evaluation & Treatment of the Injured Athlete, July 22~26, 
Chatham (Cape Cod), MA (May) 

Obstetrics & Gynecology Ultrasound, July 22-26, Philadelphia 
(June) 
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Issues in Musculoskeletal imaging and Magnetic Resonance Im- 
aging, July 22-27, Laguna Niguel, CA (March) 

imaging on Lake Coeur d'Alene, July 25-27, Coeur d'Alene, ID 
(June) 

Abdominal Ultrasound, July 29-Aug. 1, Philadelphia (June) 
Contemporary Diagnostic Imaging, July 29-Aug. 2, Aspen, CO 
(April) 

Pittsburgh Breast Imaging Seminar, Aug. 1-4, Pittsburgh (May) 
Prostate Ultrasound, Aug. 2, Philadelphia (June) 

Napa Valley Imaging Update, Aug. 4-8, Napa, CA (June) 

MR Imaging Fellowships at LAC/USC Imaging Science Center, 
Aug. 5-9, Sept. 16-20, Oct. 7~11, and Nov. 4-8, Los Angeles (Feb) 
Body imaging, Aug. 5-9, Santa Fe, NM (April) 

Symposium on Diagnostic Imaging, Aug. 12-15, Newport, RI (June) 
Imaging of the Head, Spine, and Musculoskeletal System, Aug. 
12-16, Whistler, B.C. (April) 

Radiology for Clinicians, Aug. 12-16, Coronado (San Diego), CA 
(April) 

Society of Computed Body Tomography Summer Practicum, Aug. 
18-22, Keystone, CO (April) 

Diagnostic Imaging Update, Aug. 26-30, Vancouver, B.C. (April) 
Radiation, Physics, and Biology, Aug. 26-30, New York City (May) 
World Congress in Ultrasound, Sept. 1-6, Copenhagen (Sept 1990) 
Pacific Northwest Diagnostic Ultrasound Symposium, Sept. 6-8, 
Seattle (June) 

international Workshop on Hypertrophic Osteoarthropathy, Sept. 
8-11, Dubrovnik, Yugoslavia (Jan) 

European Society of Gastrointestinal Radiologists Annual Meet- 
ing, Sept. 8-11, Oxford, England (March) 

Sonography Update Conference and Exhibit, Sept. 11-13, Coron- 
ado (San Diego), CA (May) 

Mallinckrodt Institute’s 60th Anniversary Celebration, Sept. 12- 
14, St. Louis (May) 

Transrectal Ultrasound in the Diagnosis and Management of 
Prostate Cancer, Sept. 13-14, Chicago (May) 

Diagnostic Ultrasound in Gynecology and Obstetrics and Abdo- 
men, Sept. 13-15, Baltimore (June) 

Sonography Registry Review, Sept. 14-15, Coronado (San Diego), 
CA (May) 

European Congress of Radiology 1991, Sept. 15-20, Vienna, Aus- 
tria (Oct 1990) 

Mammographic Interpretation: A Practical Approach, Sept. 23-26 
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and Oct. 28-31, Boston (March) 

Applied Ultrasound: Accent on Doppler, Sept. 23-26, Laguna Ni- 
guel, CA (May) 

Diagnosis of Musculoskeletal Disorders, Sept. 25-28, Coronado 
(San Diego), CA (May) 

Diagnostic Uses of Radiolabeled Monoclonal Antibodies, Sept. 
26-27, Washington, DC (June) 

Annual International Body Imaging Congress, Oct. 5-12, Maui, Hi 
(June) 

Neuroradiology Update: Emphasis on MRI, Oct, 7-11, Hilton Head, 
SC (June) 

Western Neuroradiological Society Annual Meeting. Oct. 17-20. 
Laguna Niguel, CA (June) 

Progress in Magnetic Resonance Imaging, Oct. 24-25, Cologne, 
Germany (June) 

Neuroradiologic and Musculoskeletal Seminars, Oct. 24-27, Or- 
lando, FL (June) 

Advanced Imaging of the Musculoskeletal System, Oct. 26-27, 
Coronado (San Diego), CA (June) 

San Diego Postgraduate Radiology Course, Oct. 28-Nov. 1, Co 
ronado (San Diego), CA (June) 

Diagnosis and Treatment of Bone and Soft-Tissue Tumors, Nov. 
21-23, Sacramento, CA (May) 

international Symposium on Recent Advances in Diagnostic im- 
aging and Radiation Oncology, March 24-27, 1992, Kathmandu, 
Nepal (June) 
















AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge: receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title. date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information, Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Piaya, Suite 103, La Jolla, CA 92037-3218. 
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American Roentgen Ray Society 92nd Annual Meeting 


May 10-15, 1992, Orlando, FL 


Marriott’s Orlando World Center 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1992 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1991. Forms on which to submit abstracts 
are in this issue of the AJR. The ARRS Program Committee will select 
papers and notify authors in early January. The AJR has first rights 
to all papers accepted for presentation at the ARRS meeting. Mail 
original and five copies to 


ARRS President-Elect 

c/o Paul R. Fullager 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by November 1, 1991. Forms, which may be photocopied, are 
in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullager 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
February along with advance registration forms. Early registration is 
an advantage in ensuring preferred courses in this popular program. 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms will be in the February issue of the AJA. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific papers 
prepared by residents in radiology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 each. 
All are presented at the annual meeting. Papers should be submitted 
by February 15, 1992, for consideration in this competition. Send 
entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1991 
Scientific exhibit proposals: November 1, 1991 
Residents’ Award papers: February 14, 1992 





Call for Papers 


g , | Department 
American Roentgen Ray Society | Taon e | 
1992 Annual Meeting: aO | 


May 10-15, 1992, Orlando, FL E ee ee A E 


Phone: E EIT E EENE ine ELENE 


Type title, authors, and abstract in the space provided below. (instructions are on reverse side of this page. Abstract should not exceed 300 words.) 








Select one category: _Angio/Interventional — __ Breast ____.. Chest CT Gastrointestinal Tract Genitourinary Tract 
deena MR Neuroradiology —— Skeletal .. -Sonography 
Projection Requirements: —35 mm, single or double (circle one) ——-— 16 mm silent film 1V2 VHS Oa 


Has this been presented elsewhere? yes .___.no. If yes, please describe on reverse side of this page. 
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instructions for Scientific Abstracts 


a 


Type the information single-spaced. Underline the name of the 
presenting author. Append as a last line of the abstract any 
research grant support, if applicable (e.g., Supported by USPHS 
Grant HE-80144). If the abstract is accepted, it will not be proof- 
read; it will appear exactly as typed. Use the following format: 


MR IMAGING OF THE SPINE AND NECK 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. 
University of California, Bakersfield, Bakersfield, CA 92338 


2. Abstracts should include four paragraphs devoted sequentially to 


the following topics: (1) object or purpose of the study, (2) mate- 
rials, methods, and procedures, (3) results, (4) significance of the 
results and conclusions. The text should not exceed 300 words. 
Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 


. The Program Committee will grade each abstract and determine 


acceptance. Further information will be forwarded to those whose 
abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1991. Mail abstract and four copies to 


ARRS President-Elect 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 





Pp ey ees tae Tai ag MES RGSS a ere ee og 


Call for Scientific Exhibits FOR COMMITTEE USE ONLY 
American Roentgen Ray Society | 


Date Received. __ Application No. 


1992 Annual Meeting: Subject______ Score — | 





may Th, 1008 Onda PE 


Principal Exhibitor's Mailing Address 
NANO O O ree ee a eee 
Department ee SN AdO SS anaa ts 2 a ce GIV n 


Statea Zip Code____ Telephone: office ( home ) 


AA heh VAEA AA A NS A a y aA a a 


Names of Exhibitors (List principal exhibitor first and telephone number of each person.) 


Last First Middle Telephone Degree Member ARRS? 
{one only) 
TUG OTE NIDIE oea ents sea ne aed ee Ree ee sees ean ee eae eee ee os aa ee ene ee EE eT ee ee 


Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.} 


Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 


Free-standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required 








Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1.2 X 2.5 m). Number of panels required . If two panels are 


needed, there will be a %4-in. frame separating the panels, thus requiring a separation in the presentation. 











Viewbox. Mounted materials (radiographs and other transparencies) for display on the society’s illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required . Materials should not be glass mounted. 





Please Indicate Most Appropriate Category. 


Breast 
Sonography 


Gastrointestinal 
Pediatric 


Bone Cardiovascular Chest 
Neuroradiology Nuclear medicine 























Genitourinary 
Radiation oncology 


Medical physics 

















Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board and computer-based exhibits are 
encouraged, as they do not require a viewbox. 





Signature of Principal Exhibitor 


Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1991. Mail original and five copes to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8992 


American Roentgen Ray Society: 
Officers, Committees, and Membership Information 





Officers 


President: John A. Kirkpatrick, Jr. 

President-elect: A. Everette James, Jr. 

ist Vice-president: Andrew K. Poznanski 

2nd Vice-president: George R. Leopold 

Secretary: Joseph T. Ferrucci, Jr. 

Treasurer: Beverly P. Wood 

Executive Council: R. N. Berk, M. P. Capp, W. J. Casarella, 
N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. E. James, 
Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., G. R. Leopold, J. 
E. Madewell, T. C. McLoud, A. A. Moss, A. K. Poznanski, R. 
J. Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, R. J. Alfidi, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
M. S. Huckman, C. R. B. Merritt, A. G. Osborn K. Valji, C. A. 
Rohrmann, Jr., W. J. Casarella, chairman 

Education and Research: R. R. Hattery, C. B. Higgins, B. J. 
Hillman, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. K. Gedgaudas-McClees, A. A. Moss, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: R. G. Evens, P. J. Fritzsche, A. A. Moss chair- 
man 

Publications: E. Buonocore, C. R. B. Merritt, A. G. Osborn, 
C. A. Rohrmann, Jr., W. J. Casarella, chairman 
Membership: J. E. Madewell, T. C. McLoud, A. A. Moss, K. 
H. Vydareny, chairman 


Representatives to Other Organizations 
American Board of Radiology: W. J. Casarella, J. A. Kirk- 
patrick, Jr., L. F. Rogers 


American College of Radiology: R. A. Gagliardi, J. E. 
Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Com- 
mittee 


American National Standards Institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. D. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madeweil 


Meeting Arrangements 


Annual Meetings: May 10-15, 1992, Marriott's World Cen- 
ter, Orlando, FL; April 25-30, 1993, Marriott San Francisco, 
San Franciso, CA 


Annual Meeting Committee: J. K. Crowe, N. R. Dunnick, R. 
R. Lukin, N. H. Messinger, R. J. Stanley, R. D. Steele, Jr., A. 
M. Landry, Jr., chairman 


Instructional Courses: Bruce L. McClennan, associate chair- 
man; R. J. Stanley, chairman 


Scientific Program: P. H. Arger, T. B. Hunter, D. Kushner, T. 
C. McLoud, L. B. Tainer, J. H. Thrall, A. E. James, Jr. chairman 


Scientific Exhibits: J. R. Haaga, D. S. Hartman, R. G. Ram- 
sey, N. R. Dunnick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1992 ARRS meeting, send completed 
forms before February 1, 1992, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8992. 





Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 

The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 

The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 

The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 


Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shall actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 

3. Application fee is $50 (payable when billed for dues). 

4. Annual dues are $150, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 


election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. in the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
Status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd nnn APPLICATION FOR MEMBERSHIP 


1.D# 











872 | Ce nn a Category of Membership: © Active 
(Check One) O Corresponding 
O In-Training 
Name (Please Print) 0 Degree(s) 
First Initial Last 
Mailing Address I a a eee OO NU cae ee ee 
Street/Box 
Telephone ( | Sees 
City/State/Country Zip Code 





A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate. ka a a a 


Graduate (Medical School, Graduate School, etc.): 


enter pera AANA SRN AED at A 


Postgraduate (Internship, Residency, Fellowship, etc.): 








B. Licensure: 


Licensed tö practice cnc a S tic Se SINCE ans 
(Type) (State, Province, etc.) 





C. Appointments/Memberships: (in-Training applicants: skip to Section F on reverse.) 
PSSM ApDONIMEONIS: Academi tcc ac rel aes 


BOS UC Stn a a era 


Memberships in Scientific Societies: 





AeA AA NRA OA UE NAATA VAER: 


TICES OF CommiWes Assignments. cic ee 


Government Service (Military or Civilian) | 
(Position) (Years) 


Fa i i I a ae ae 
Continued on Reverse Side 





D. Credentials: (To be completed by Active and Corresponding applicants only.) 


| hereby certify that | was issued a certificate of qualification in mma 








(Specialty) 
A te Bi DN Te 
(Year) (Name of Qualifying Board) 
Other Credentials: 
Signature: 
E. References: (To be completed by Active and Corresponding applicants only.) 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 


Name (Please Print) 1.2000 Osea, 
Address OE OEE ce Se ere ea 
Signatures: 
F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 
| certify that | am serving as a Resident/Fellow in 
(Specialty) 
ae Sete le E PIOG aN pedan (OCOINS) © excepts oes cent a 
(Name of Institution) 
date program to end: 00 FTS.SCN urnderrSttarndd that in-training membership is limited toa 


maximum of 5 years. 


Applicant Signature: 
Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 


Signature 





Send completed form to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


Classified Advertisements 


Positions Available 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept. including ultrasound, chest radiology, skele- 
tal, neuroradiology, general diagnostic radiology, 
MRI, interventional radiology, and mammography. 
Our dept. offers a fully accredited residency 
program with 21 residents and 16 attending fuh- 
time staff. Numerous consultants from across the 
country lecture on a continuing and regular basis. 
The hospital is a modern, tertiary-care center 
serving Hawaii and the entire Pacific Basin. A 
strong residency program, diverse and interesting 
patient population, excellent equipment, and 
tropical lifestyle are positive aspects of the prac- 
tice. Academic credentials and/or experience 
are necessary. Recently graduated fellows are 
encouraged to apply. Board certification is man- 
datory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. 
Salary and benefits are competitive and gener- 
ous. Tripler is an EO/EEO employer. Please 
contact Dr. Mark F Hansen, Col., MC, Chief, 
Dept. of Radiology, TAMC, HI 96859-5000; (808) 
433-6393. 7~6a 


BC/BE RADIOLOGIST—Group practice in New 
Orieans, LA, has a great opportunity leading to 
partnership. Looking for a radiologist with imaging 
background or interest in special procedures. 
Imaging center with 1.5-T GE Advantage System. 
Excellent hospitals and working conditions. Send 
CV to B.B.N.&H., 440 General Meyer Ave., 
Ste. 211, New Orleans, LA 70131; (504) 368-5074. 
7-10ap 


THE PORTLAND DEPT. OF VETERANS 
AFFAIRS MEDICAL CENTER, a 490-bed teach- 
ing hospital affiliated with Oregon Health Sci- 
ences University, is seeking a staff radiologist with 
interest in body imaging and general radiology. 
Located in Portiand’s West Hills adjacent to the 
university, this new, well-equipped facility has a 
commanding view of the Cascade Range, with its 
ski resorts, white-water rafting, mountaineering, 
and other outdoor opportunities. There are 2 
State-of-the-art CT scanners, 2 Acuson ultrasound 
units with color flow, a GE 1.5-T MRI scanner, and 
2 digital angiographic suites. All staff hold univer- 
sity appointments. An interest in teaching is 
essential and research is encouraged, but not 
required. Portland is a small city that offers 
everything from rodeo to opera and is surrounded 
by the natural beauty of the Pacific Northwest. It 
offers a comfortable backdrop for career develop- 
ment and family life. Contact Dr. Ruza Antonovic 
or Dr. Mary Burry, Radiology Dept., Portland VA 
Medical Center; (503) 220-8262, ext. 6510. Equal 
opportunity employer. 7a 


LOCUM TENENS—Earn top pay. Don’t work for 
an agency. Work for yourself. For details, send 
name and address to Dr. Monroe, 7035 Hwy. 6 
South, Ste. R 175, Houston, TX 77083; (713) 
341-9703. 7~8ap 


OPENING FOR BE/BC DIAGNOSTIC RADIOLO- 
GIST to join a 6-person group in Missoula, a 
university city of 45,000 located in mountainous 
western Montana. Looking for a general radiolo- 
gist with proficiency in MRI, ultrasound, CT, 
angiography, etc. Administrative skills preferable. 
Our group of 6 full-time radiologists covers both 
of Missoula’s hospitals (210 and 130 beds). Pro- 
gressive medical environment with 200 physi- 
cians. One yr to full partner income and 2 yr to 
partnership. Competitive salary. Abundant nearby 
recreational opportunities include skiing, fishing, 
backpacking, and hunting. Send CV to Missoula 
Radiology, Inc., PO. Box 2039, Missoula, MT 
59806. 7-llap 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MASSACHUSETTS MEDICAL CEN- 
TER in Worcester is seeking a BC/BE general 
radiologist with a major interest in chest and 
musculoskeletal radiology. A strong interest in 
teaching and collaborative clinical research is 
desired. Rank and salary are commensurate with 
experience. The medical center is a 370-bed 
university hospital and medical school located 
approximately 40 mi. west of Boston. The dept. 
consists of 22 staff, 13 residents, and 2-4 fellows 
and does approximately 130,000 exams/yr. The 
dept. is well-equipped with 2 GE 9800 Quick CT 
scanners as well as 2 GE 1.5-T MRI scanners in 
a stand-alone facility and a 2.0-T small-bore unit 
for animal research. The hospital is a major 
trauma center and is serviced by 2 Life Flight 
helicopters. For further information, contact 
Edward H. Smith, M.D., Professor and Chair, 
Dept. of Radiology, University of Massachusetts 
Medical Center, 55 Lake Ave., N., Worcester, MA 
01655; (508) 856-3252. UMMC is an equal oppor- 
tunity/affirmative action employer. 7xa 


OREGON—Opportunity for BC/BE radiologist to 
join 7 BC radiologists in growing practice in the 
Portland metropolitan area. Training/expertise in 
all aspects of radiology including MRI is required. 
The practice includes 2 suburban hospitals, an 
outpatient clinic, and a new multimodality outpa- 
tient imaging clinic. Competitive compensation 
with generous fringe package and partnership in 
2 yr. Send letter and CV to Jon C. Sewell, M.D., 
P.O. Box 227, Oregon City, OR 97045; (503) 
655-1439, 7-8ap 


PEDIATRIC RADIOLOGIST—The Division of 
Pediatric Radiology, Oregon Health Sciences 
University, Portland, OR, invites applications for 
a faculty position available on or about July 1, 
1991. Completion of approved fellowship in pedi- 
atric radiology and ABR certification required. 
Send CV to William Weidner, M.D., Diagnostic 
Radiology, UHN-72, Oregon Health Sciences Uni- 
versity, Portland, OR 97201-3098; (503) 494-4498. 
Equal opportunity, affirmative action employer. 
7-9a 


ACADEMIC BONE RADIOLOGIST —The Ohio 
State University is looking for a successor to 
direct the active musculoskeletal section which 
supports the orthopedics dept. with strong sports 
medicine, rehabilitation medicine, and prosthetic/ 
reconstruction divisions. Salary negotiable. Start 
on or before July 1, 1991. Inquire to Charles F. 
Mueller, M.D., Chief of Diagnostic Radiology, Ohio 
State University Hospitals, Dept. of Radiology, 
Columbus, OH 43210; (614) 293-8315, or fax (614) 
298-8322. 7a 


CROSS-SECTIONAL IMAGING/MRI/CT/ULTRA- 
SOUND—Diagnostic Radiology, Oregon Health 
Sciences University, Portland, OR, is recruiting 
a board-certified radiologist for its Body Imaging 
Section. Academic rank and salary depend on 
candidate’s experience and achievements. Send 
CV and reference letters to Wiliam Weidner, M.D., 
Chairman, Diagnostic Radiology, UHN 72, Ore- 
gon Health Sciences University, Portland, OR 
97201-3098. OHSU is an equal opportunity, affir- 
mative action employer. 7~8a 


THE DIVISION OF NUCLEAR MEDICINE, Ore- 
gon Health Sciences University, Portland, OR, 
invites applications for a faculty position available 
immediately either part-time in nuclear medicine 
or full-time divided between nuclear medicine and 
another division of diagnostic radiology. Board 
certification in nuclear medicine is required. Send 
CV and references to Wiliam Weidner, M.D., 
Chairman, Diagnostic Radiology, UHN 72, Ore- 
gon Health Sciences University, Portland, OR 
97201-3098. OHSU is an affirmative action, equal 
opportunity employer. 7-8a 


IMMEDIATE OPENING IN KANSAS CITY, MO— 
Group of young, well-trained radiologists seek to 
fill a recently vacated position. General radiologist 
or subspecialty training acceptabie. Experience 
or training in angiography and interventional work 
desirable, but not required. Excellent salary, vaca- 
tion, and other benefits leading to early partner 
ship in rapidly growing practice. Reply to George 
F. Drasin, M.D., 4949 Rockhill Rd., Kansas City. 
MO 64110. Zap 


MRI/ABDOMINAL IMAGING NEW YORK/NEW 
JERSEY METROPOLITAN ARE A—Board-certi- 
fied/eligibie radiologist needed for a position 
beginning July 1, 1991. Must nave fellowship 
training in MRI and training in CT, ultrasound, and 
GI studies. Private practice with 400-bed hospita! 
and outpatient imaging center located in northern 
New Jersey, near New York City. Send inquiries 
to James A. Heimann, M.D., Dept. of Radiology, 
Clara Maass Medical Center, 1 Franklin Ave., 
Belleville, NJ 07109. 7-12ap 


NORTHERN CALIFORNIA, IMMEDIATE OPEN- 
ING—Large, diagnostic group seeks BC/BE 
radiologist to join diversified practice (4 hospitals 
and 7 offices) on full partnership basis. All moda- 
lites available. Send CV or cali Andrew Koo, 
M.D., PO. Box 9525, San Jose, CA 95157; (408} 
244-2100. 7-9ap 


TRAUMA RADIOLOGIST —The State University 
of New York Health Science Center al Brooklyn 
seeks to add a board-certified/eligible radiologist 
to join the Division of Traumatology af Kings 
County Hospital Center, a 1300-bed tertiary facility 
and Level | Trauma Center with an international 
reputation tn trauma services. The radiologist is 
an integral member of the trauma service of the 
Dept. of Surgery. Opportunities to join ongoing 
clinical investigations of the use of radiography, 
CT, angiography/interventional radiology, and 
ultrasound in the trauma patient are available. 
Academic rank and salary are commensurate 
with experience. CV should be addressed to 
Salvatore J. A. Sclafani, M.D., Dept. of Radiology, 
Kings County Hospital Center, 451 Clarkson Ave., 
Brooklyn, NY 11203. An EO/AA employer 7-9ap 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGIST—The State University of New 
York Health Science Center at Brooklyn seeks a 
board-certified/eligible radiologist with fellowship 
training in interventional radiology for a faculty 
position. The institution is a 1700-bed facility, 
including the Kings County and the State lri- 
versity hospitals. The medical center performs 
approximately 2000 diagnostic and interventional 
procedures, including angioplasty, embolization, 
caval filters, gastrointestinal, genitourinary, and 
pulmonary interventions. When ongoing renova- 
tions are complete, there will be 5 new vascular 
digital rooms. Research time and facilities are 
available. Rank and salary are commensurate 
with qualifications. CV should be addressed to 
Salvatore J. A. Sclafani, M.D, Kings County 
Hospital Center, Dept. of Radiolagy, 451 Clarkson 
Ave., Brooklyn, NY 11203; (718) 245-4447. An 
EO/AA employer. 7-9ap 


NORTHERN CALIFORNIA—The Permanente 
Medical Group, ine., is seeking a BC radiologist 
with multimodality interests and fellowship traire 
ing in MR to join a 12-person group serving a 
337-bed, acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation fram 
Stanford University Hospital as well as our own 
medical residents. We have sited a GE 1.5-T MRI 
system. Competitive salary and excellent benefits. 
Send CV to Bruce Baker, M.D., Chief, Dept. of 
Radiology, Kaiser Permanente Medical Center, 
900 Kiely Bivd., Santa Clara, CA 95051; (408) 
236-4444, EOE. 7-8a 
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INDIANAPOLIS, IN—Practice opportunity for a 
radiologist to serve as medical director of a new, 
freestanding, privately owned, imaging center 
with CT and high-field MR. Facility will be man- 
aged by and affiliated with the Center for Diagnos- 
tic Imaging in Minneapolis, MN. MR experience 
mandatory. Subspecialty experience in MR desir- 
able. Board certification and ability to obtain licen- 
sure in Indiana required. Please send inquiries 
with CV to Cooper R. Gundry, M.D., Center for 
Diagnostic Imaging, 5775 Wayzata Blvd., Ste. 
190, Minneapolis, MN 55416. All inquiries entirely 
confidential. No telephone calls please. 7-9ap 


RADIOLOGIST-—-Second radiologist needed for 
a 54-physician, multispecialty clinic located in 
western Montana. Experience or formal training 
in mammography a must; general radiologic pro- 
cedures excluding CT and MRI. Offered salary 
and benefits generous. Send CV to Administrator, 
Western Montana Clinic, PO. Box 7609, Missoula, 
MT 59807. 7ap 


THIRD STAFF RADIOLOGIST sought at the VA 
Medical Center, Fayetteville, NC. Must have cur- 
rent license in any of the 50 states and be BC/BE 
in radiology. Well-equipped dept. is 3 yr old with 
new CT suite (Picker) to open in May. Latest 
Acusen ultrasound model is planned as well, 
Hospital has 180 active beds with general medi- 
cine, surgery, and psychiatry population. Pres- 
ently no angio, and night call is minimal. Quiet 
lifestyle and easy access to mountains, beaches, 
and big cities, Contact Ms. Johnson, Personnel 
Service, (919) 822-7056, or write VAMC, Personnel 
Service, Fayetteville, NC 28301. EOE/M/F. 7a 


LARGE, GROWING RADIOLOGY PRACTICE IN 
CENTRAL NEW JERSEY and adjacent Penn- 
sylvania region seeks diagnostic radiologist with 
expertise in 1 or more of the following: CT/ultra- 
sound, angio/interventional, or nuclear medicine, 
Send resume to E. Tarasov, M.D., 838 W. State 
St., Trenton, NJ 08618. 7-9a 


RADIOLOGIST wanted with diagnostic and inter- 
ventional radiology experience including CT, 
sonography, mammography, angiography, inter- 
ventional, nuclear radiology, and plain film inter- 
pretation and fluoroscopy. M.D. degree, certifica- 
tion in diagnostic and nuclear radiology by the 
American Board of Radiology, and 5 yr postcertifi- 
cation experience required. $100,000/yr, 50 hr/wk. 
Interested parties should send resumes in dupli- 
cate to New York State Job Service, 68 W. Huron 
St., Buffalo, NY 14202, Attn. P Oldenburg (Order 
No, 0702560). 7ap 


IMMEDIATE OPENING FOR A BC/BE DIAG- 
NOSTIC RADIOLOGIST—VJoin 1 other as a full- 
time partner under fee-for-service billing. ideal 
family community located in western Pennsyi- 
vania, approximately 60 mi. north of Pittsburgh. 
This is an acute-care hospital with 180 beds doing 
approximately 30,000-35,000 exams/yr Need 
experience in general radiology, some angiog- 
raphy and interventional procedures, ultrasound, 
CT, MRI (mobile), and mammography services. 
Applicant should respond as soon as possible 
with letter of interest and current CV to Wan Jo 
Kim, M.D., Director of Radiology, St. Francis 
Hospital of New Castile, 1000 S. Mercer St, New 
Castle, PA 16101; (412) 656-6011/6116 (before 
5 p.m.), (442) 656-0752 {after 5 p.m.). 7-9ap 

DIAGNOSTIC RADIOLOGIST, LONG ISLAND, 
NY—B8Soard-certified radiologist with expertise in 
MRI needed to join a 5-member group starting in 
July 1991. Fellowship training in MRI or neuro- 
radiology is desirable. Must be willing to do most 
aspects of diagnostic radiology. This well-estab- 
lished practice includes a 325-bed community 
hospital, a private diagnostic radiology office, and 
a 1-yr-old MRI facility with a high-field-strength 
magnet. Generous salary leading to full partner- 
ship. Contact ira Langer, M.D., 250 Hospital Rd., 
Patchogue, NY. 11772; (516) 475-1030. 7-8ap 


CLASSIFIED ADVERTISEMENTS 


VETERANS AFFAIRS MEDICAL CENTER, 
WASHINGTON, DC, a major, tertiary hospital 
affiliated with George Washington University 
Medical School, Georgetown University Medical 
School, and Howard University Medical School, 
is seeking a qualified neuroradiologist to fill an 
immediate opening. Qualifications include board 
certification in radiology with fellowship training 
in neuroradiology. Send cover letter and CV to 
Chief of Staff (11), Dept. of Veterans Affairs, 50 
Irving St., N.W., Washington, DC 20422. EOE. 7a 


DIAGNOSTIC RADIOLOGIST, FLORIDA-—Staff 
radiologist is being sought by the University of 
Florida Health Science Center/Jacksonville for a 
full-time faculty position. Special interest, exper- 
tise, or fellowship training in CT, ultrasound, MR, 
interventional, or nuciear radiology is preferable. 
Florida license required. Salary and fringe bene- 
fits are excellent. An academic appointment will 
be at the instructor/assistant professor/associate 
professor/professor academic rank depending on 
training, background, and experience. Application 
recruiting deadline is Sept. 1, 1991. Send CV and 
references to Chairman, Search Committee, 
Dept. of Radiology, University Medical Center, 
655 W. Eighth St., Jacksonville, FL 32209. AA/ 
EOE. 7-8a 

MAMMOGRAPHY STAFF POSITION—The Dept. 
of Radiology of the Ochsner Clinic is seeking a 
radiologist to head a rapidly growing Section of 
Mammography. Currently over 15,000 mammo- 
grams and 500 localization procedures are per- 
formed annually. Equipment includes 4 ACR- 
accredited mammographic units and stereotactic 
localization equipment. A major expansion in 
space for the mammography section will be 
completed in mid-1992, providing capability for 
approximately 30,000 procedures/yr. The mam- 
mography section provides imaging services for 
a multidisciplinary breast center with a high 
degree of clinical and research interaction with 
surgical, medical, and pathology services. The 
radiology dept. is active in teaching and clinical 
research, with a staff of 22 residents and fellows. 
Candidates for this position should have fellow- 
ship training or a strong background in mammog- 
raphy and be interested in teaching and clinical 
research as well as patient care. Compensation 
and benefits are highly competitive. For additional 
information, contact Christopher R. B. Merritt, 
M.D., Chairman, Dept. of Radiology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121; (504) 838-3495. 7-9a 


ULTRASOUND STAFF POSITION—The Dept. of 
Radiology of the Ochsner Clinic is seeking an 
additional radiologist to meet growing clinical 
needs in the Section of Ultrasonography. The 
ultrasound section of the dept. currently performs 
over 12,000 procedures/yr, including a full range 
of abdominal, OB/GYN, vascular, smali parts, 
operative, interventional, and pediatric studies. 
State-of-the-art imaging, duplex color Doppler, 
and intraoperative equipment is available. A major 
expansion in space for the ultrasound section will 
be completed in mid-1992. The dept. is active in 
teaching and clinical research, with a staff of 22 
residents and fellows. Candidates for this position 
should have fellowship training or a strong back- 
ground in ultrasonography and be interested in 
teaching and clinical research as well as patient 
care. Compensation and benefits are highly 
competitive. For additional information, contact 
Christopher R. B, Merritt, M.D., Chairman, Dept. 
of Radiology, Ochsner Clinic, 1514 Jefferson 
Highway, New Orleans, LA 70121; (504) 838-3495. 
7-9a 


RADIOLOGIST--BC/BE radiologist needed to 
join 2-person practice covering 2 hospitals in the 
central mountains of Colorado. Ample free time 
and excellent outdoor recreational opportunities. 
Contact E. J. Loeffel, M.D., PO. Box 415, Buena 
Vista, CO 81211; (719) 539-3782. 7-9ap 


AJR:157, July 1991 


UCSD SCHOOL OF MEDICINE—The Dept. of 
Radiology is seeking a neuroradiologist to partici- 
pate in clinical, teaching, and research programs. 
Qualifications required are board-eligibility/certi- 
fication, California medical license, and a 2-yr 
fellowship in neuroradiology including MR imag- 
ing. Title series is assistant/associate professor 
(in-residence or clinical series — not currently a 
tenure-track position); level is based on years’ 
experience, and salary is commensurate with 
rank and step of appointment based on the 
established salary schedule of the UCSD School 
of Medicine Faculty Compensation Plan. The 
University of California, San Diego, is an equal 
opportunity/affirmative action employer. All CVs 
received before Aug. 31, 1991, or thereafter until 
position is filled, will be assured full considera- 
tion, Send to John Hesselink, M.D., Professor of 
Radiology, Dept. of Radiology, UCSD Medical 
Center, 225 Dickinson St., San Diego, CA 92103. 
7a 


CHIEF, NEURORADIOLOGY-—A large, southern 
California radiology practice offers this prestigious 
opportunity. Various imaging modalities are used, 
including significant MRI volume. Candidates 
must be board-certified and possess the experi- 
ence a position of this nature warrants. Please 
send CV in confidence to Physician Recruitment, 
14755 Ventura Bivd., Ste. 1-850, Sherman Oaks, 
CA 91403, Attn. Chief Operating Officer. 7ap 


UCSD SCHOOL. OF MEDICINE—The Dept. of 
Radiology is seeking a cardiovascular radiologist 
to participate in clinical, teaching, and research 
programs. Qualifications required are board- 
eligibility/certification, California medical license, 
and a 1-yr fellowship in cardiovascular radiology 
or vascular/interventional radiology. Title series 
is assistant/associate professor (in-residence or 
clinical series); level is based on years’ experi- 
ence, and salary is commensurate with rank and 
step of appointment based on the established 
salary schedule of the UCSD School of Medicine 
Faculty Compensation Plan. The University of 
California, San Diego, is an equal opportunity/ 
affirmative action employer. All CVs received 
before Sept. 1, 1991, or thereafter until position 
is filled, will be assured full consideration. Send 
to Joseph J. Bookstein, M.D., Professor of Radi- 
ology, Dept. of Radiology, UCSD Medical Center, 
225 Dickinson St., San Diego, CA 92103-1990. 7a 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MASSACHUSETTS MEDICAL CEN- 
TER in Worcester is seeking a BC/BE radiologist 
with a major interest in abdominal radiology with 
fellowship experience desirable. A strong interest 
in teaching and collaborative clinical research is 
desired. Rank and salary are commensurate with 
experience. The medical center is a 370-bed 
university hospital and medical school located 
approximately 40 mi. west of Boston. The dept. 
consists of 22 staff, 13 residents, and 2-4 fellows 
and does approximately 130,000 exams/yr. The 
dept. is well-equipped with 2 GE 9800 HiLite CT 
scanners, 2 GE 1.5-T MRI scanners in a stand- 
alone facility, a 2.0-T small-bore unit for animal 
research, several state-of-the-art ultrasound scan- 
ners, color Doppler, transrectal ultrasound, etc. 
The hospital is a major trauma center and is 
serviced by 2 Life Flight helicopters. For further 
information, contact Edward H. Smith, M.D., 
Professor and Chair, Dept. of Radiology, Univer- 
sity of Massachusetts Medical Center, 55 Lake 
Ave. N., Worcester, MA 01655; (508) 856-3252. 
UMMC is an equal opportunity/affirmative action 
employer. 7xa 


IMMEDIATE OPENING IN PALM SPRINGS, CA 
Radiologist with MRI expertise/specialization 
needed to join 10-person group in community 
hospital/office practice. Contact Marvin J. Frie- 
denberg, M.D., Dept. of Radiology, Desert Hospi- 
tal, 1150 N. indian, Palm Springs, CA 92262. 7xap 


AJR:157, July 1991 


DIAGNOSTIC RADIOLOGIST POSITIONS 
AVAILABLE IN THE SOUTHEASTERN UNITED 
STATES—Starting salary $200,000 at most loca- 
tions. Paid vacation, malpractice, and CME. Must 
be board-eligible or certified. Submit CV to C. G. 
Dudley, M.D., Benning Radiology. Inc., 7 Stone- 
wood Ct., Columbus, GA 31904; (800) 829-4613. 
Women and minorities are encouraged to apply. 
7ap 


IMMEDIATE OPENING IN PALM SPRINGS, CA 
Radiologist with mammography expertise/spe- 
cialization needed to join 10-person group in com- 
munity hospital/office practice. Contact Marvin J. 
Friedenberg, M.D., Dept. of Radiology, Desert 
Hospital, 1150 N. Indian, Palm Springs, CA 92262. 
7xap 


THERAPEUTIC RADIOLOGIST/RADIATION 
ONCOLOGIST— The VA Medical Center, Dayton, 
OH, is actively recruiting a second radiation 
oncologist to staff our new and expanding radia- 
tion therapy unit. Our equipment includes a dual- 
energy linear accelerator with multiple electron 
beam capability. Patient care services will include 
brachytherapy. Our medical center is a full- 
service, 1454-bed facility affiliated with Wright 
State University School of Medicine with a new, 
acute-care facility due to be completed by fall 
1991. We offer an excellent salary program, flex- 
ible benefit package, and relocation expenses. 
Dayton is an expanding community located in 
southwestern Ohio 12 hr from Columbus and 
1 hr from Cincinnati. Contact Judy Williams (05), 
VA Medical Center, 4100 W. Third St., Dayton, OH 
45428; (513) 268-6511, ext. 2509. An equal oppor- 
tunity employer. 7a 


RADIOLOGIST /ANGIOGRAPHER—There is an 
opportunity to join a progressive group of 11 
board-certified radiologists practicing at the 
Lehigh Valley Hospital Center, a 500-bed, univer- 
sity-affillated hospital. The position requires 
angiographic/interventional skills and an interest 
in general radiology including CT and ultrasound. 
The radiology dept. has state-of-the-art equipment 
including 2 angiographic suites, 3 CT scanners, 
color flow Doppler, and MRI. The hospital is an 
acute-care facility and a state-designated Level 
1 Trauma Center, located 1 hr from Philadelphia 
and 11⁄2 hr from New York. The radiology dept. 
offers a postresidency fellowship program that 
includes training in angiography. The position 
offers a competitive salary and benefit package 
that leads to fuil partnership. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radiol- 
ogy, Lehigh Valley Hospital Center, P.O. Box 689, 
Allentown, PA 18105; (215) 776-8088. 6—Sap 


SUPERB PARTNERSHIP POSITION IN LAS 
VEGAS, NV—-Rapidly expanding, 7-member 
group practice covering 2 full-service imaging 
centers and a small hospital has an immediate 
opening. We are looking for an additional board- 
certified radiologist with an uncommon dedication 
to excellence in patient care. Our outpatient 
facilities include 2 MR, 2 CT, angio with a 4-bed 
recovery area, 5 ultrasound, 5 mammography, 2 
SPECT, plus R & F. This is an excellent oppor- 
tunity for a partnership position with a well- 
respected group in a growing community. Please 
send CV to Dr. Mark Winkler, SDMI, 2950 S. 
Maryland Pkwy., Las Vegas, NV 89109. 5-10a 


BC/BE BREAST IMAGING RADIOLOGIST 
needed part/full-time to join 2 member group for 
outpatient women’s diagnostic center. Mammog- 
raphy and OB/GYN sonography expertise 
required. Flexible hr/no call. ideal for radiologist 
with family responsibilities or semiretired. Imme- 
diate availability. Contact Frankie Weier, Director, 
Women’s Center for Radiology, 615 E. Princeton 
St., Ste. 101, Orlando, FL 32803; (407) 894-2466. 
6~7ap 


CLASSIFIED ADVERTISEMENTS 


LOCUM TENENS, 1 YR—| will be taking a yr of 
sabbatical and need a BC/BE radiologist to cover 
my hospital practice in a northern California 
summer and winter recreational area. Practice 
includes routine radiography, CT, ultrasound, 
mammography, and nuclear medicine. Please 
reply to Box M32, AJA (see address this section). 
6~7ap 


RADIOLOGIST/NUCLEAR MEDICINE—A 25- 
person radiology group in central New Jersey 
seeks a board-certified radiologist with additional 
nuclear medicine boards or ABR special compe- 
tency to share responsibilities in nuclear medicine 
and some general radiology. Cardiac, nuclear, and 
SPECT experience required. Practice includes 2 
450-bed hospitals, 3 offices, a radiology resi- 
dency, and medical student teaching. Send CV 
to Richard Feinstein, M.D., c/o Kathy McGrath, 
Radiology Group of New Brunswick, 230 Old 
Bridge Tpk., South River, NU 08882. 6~7a 


PHYSICIAN/RADIOLOGIST—Full-time opening 
for board-certified radiologist in a desirable south- 
ern New Jersey shore location. This is an active, 
challenging, expanding hospital- and office-based 
practice, Must have training in CT, ultrasound, and 
MRI. Send CV to RABC, PO. Box 729, Mt. Holly, 
NJ 08060. 6-8ap 


DIAGNOSTIC RADIOLOGIST—Position for a 
board-certified radiologist to provide sole cover- 
age for a 27-bed hospital in a southeast Idaho 
community of 20,000. Immediate potential for a 
$220.000 practice while still having time to enjoy 
geographical amenities. Contract available. 
Please call or write Randall G. Holom, 1224 8th 
St., Rupert, ID 83350; (208) 436-0481. 68a 


ANGIOGRAPHY /INTERVENTIONAL RADIOLO- 
GIST needed to join the staff at William Beaumont 
Hospital, a modern, major, tertiary-care, teaching 
medical center in southeastern Michigan with 
residency and fellowship programs in diagnostic 
radiology. The dept. is expanding its state-of-the- 
art facilities to accommodate increasing demands 
on patient care. Fellowship in angiography/inter- 
ventional radiology is required. Past experience 
in academic institutions is desirable. Area offers 
1 of the best educational and recreational facili- 
ties. Excellent compensation. Write to Jalil Farah, 
M.D., Chairman, Diagnostic Radiology, William 
Beaumont Hospital, 3601 W. 13 Mile Rd., Royal 
Oak, MI 48073. 6-8ap 


CHEST RADIOLOGIST, CLEVELAND CLINIC 
FOUNDATION-—The Cleveland Clinic Foundation 
has an opening for a staff position in the Section 
of Thoracic Imaging. The foundation is a 1000- 
bed hospital with a large outpatient population 
and an international referral base. Successful 
applicants will be involved in all diagnostic modali- 
ties, including CT, MRI, and interventional proce- 
dures. A strong interest in teaching, research, and 
patient care is required. Applicants should be 
board-certified, fellowship-trained, or have equiva- 
lent experience. Excellent salary and benefit 
package. Send CV to Moulay A. Meziane, M.D., 
Head, Section of Thoracic imaging, Cleveland 
Clinic Foundation, One Clinic Center Dr, Cleve- 
tand, OH 44195-5021. The Cleveland Clinic Foun- 
dation is an equal opportunity employer. 5-10ap 


NEURORADIOLOGIST—Join the current staff of 
2 neuroradiologists at William Beaumont Hospital, 
a modern, tertiary-care medical center in south- 
eastern Michigan with residency and fellowship 
programs in diagnostic radiology. The dept. is 
expanding its state-of-the-art facilities to accom- 
modate increasing demands on patient care. Area 
offers 1 of the best educational and recreational 
facilities. Excellent compensation. Write to Jalil 
Farah, M.D., Chairman, Diagnostic Radiology, 
William Beaumont Hospital, 3601 W. 13 Mile Rd., 
Royal Oak, MI 48073. 5~7a 
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NUCLEAR MEDICINE—The UCLA Dept. of Radi- 
ological Sciences is seeking a board-certified 
radiologist in nuclear medicine and/or radiology 
at the assistant professor level with extensive 
experience in positron emission tomography and 
related imaging methods. Added experience in 
imaging processing and mathematical modeling 
iS desirable. Send application, CV. and names 
and addresses of 3 references or inquiries to 
Hooshang Kangarloo, M.D., Chairman, Dept. of 
Radiological Sciences, UCLA Medical Center, Los 
Angeles, CA 90024-1721. An EO/AA employer 
5-7a 

DIAGNOSTIC RADIOLOGIST / PARTNERSHIP 
POTENTIAL —Well-established, mutioffice prac- 
tice offers an outstanding opportunity for growth 
to a BC/BE radiologist. Procedures include stan- 
dard radiography and fluoroscopy, mammography. 
nuclear medicine, and ultrasound, VF -associated 
procedures are a key speciality. Large referral 
base. Physician has 25+ yr experience and 
needs to share the burden of a still-expanding 
practice. Collateral earnings potential by reading 
for other medical groups with imaging capability, 
We are located in the Boston area near major 
roadways, you can live in any of Boston's beauti- 
ful suburbs. First-class equipment and excellent 
technologists will support your efforts. Please 
send your current CV and a cover letter to Box 
L21, AJR (see address this section). 5~7a 


DIAGNOSTIC RADIOLOGIST, EL PASO, TX~- 
BE/BC radiologist with special competence in 
body imaging sought to join busy hospital radi- 
ology practice at a community medical center with 
a total of 330 beds. Modern imaging dept. with 
1.5-T GE MR, CT, nuclear medicine with SPECT. 
ultrasound, angiography with DSA, mammog- 
raphy, and diagnostic radiography. Excellent 
Salary, vacation, and benefits leading to early 
partnership. Send inquiries with CV to Roy K. 
Poth, M.D., 1625 Medical Center Dr., El Paso, TX 
79902. 5-8ap 


IMMEDIATE OPENING-—-BC diagnostic radiolo- 
gist, imaging fellowship preferred, with experience 
in general radiology and expertise in interven- 
tional procedures and angiography. sought to join 
a group of 4 active, university-trained radiologists. 
Modern, 220-bed hospital in south suburb of 
Chicago with active ER and outpatient services. 
State-of-the-art equipment includes MRI, CT, 
ultrasound, nuclear medicine, and mammog- 
raphy, Attractive and competitive benefits pack- 
age leading to early partnership. Contact John M. 
Nayden, M.D., South Suburban Hospital, 17806 
S. Kedzie Ave., Hazel Crest, IL 60429. (708) 
799-8010, ext. 3276. 5~7ap 


LOCUMS NATIONWIDE—B8C or BE diagnostic 
radiologists needed for nationwide focurns. Oppor- 
tunities range from 1 wk to several mo. Exceptional 
compensation and all travel expenses. Call Pro- 
fessional Temporary Services, Inc., 790 Cardinal 
Rd., PO. Box 2702, New Bern, NC 28561; (800) 
872-4534, 5-8a 


THE UNIVERSITY OF MASSACHUSETTS MEDI- 
CAL CENTER, a tertiary-care hospital situated 40 
mi. from Boston, is seeking a third pediatric radi- 
ologist. The pediatric dept. services central and 
eastern Massachusetts as well as southern New 
Hampshire and northern Connecticut. All medical 
and surgical pediatric subspeciaities are repre- 
sented and a broad range of pediatric pathology 
is encountered. Pediatric radiciagists have the 
primary responsibility in ultrasound, CT, MRI, and 
interventional procedures in general radiologic 
exams. Competitive salaries and generous bene- 
fits are provided. For further information, contact 
Paul K. Kleinman, M.D., Dept. of Radiology, Uni- 
versity of Massachusetts Medical Center, 55 Lake 
Ave., N., Worcester, MA 01655. (508) 856-3124, 
fax (508) 856-4669. 7xa ae 5 
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DIAGNOSTIC RADIOLOGIST with skilis in CT, 
MR, interventional, ultrasound, and nuclear medi- 
cine needed to join group of 8 board-certified 
radiologists. Growing practice in eastern Wash- 
ington at a 228-bed hospital, a new multimodality 
imaging center, and 2 private offices. Potential for 
long-term practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excel- 
lent hunting, fishing, boating, and skiing. Contact 
L. E. Crecelius, M.D., N. 5901 Lidgerwood, Ste. 
18B, Spokane, WA 99207; (509) 482-2385. 5-10ap 


MAMMOGRAPHY, UNIVERSITY OF PENNSYL- 
VANIA, HALF- OR FULL-TIME POSITION— 
Exceptional opportunity in academic mammog- 
raphy within a high-volume, rapidly expanding, 
breast imaging section. Ongoing screening and 
problem-solving mammography, breast ultra- 
sound, and collaborative projects. Academic rank 
and salary commensurate with credentiais. Resi- 
dent and student teaching responsibilities along 
with negotiable participation in bone and chest 
outpatient radiology. Position available imme- 
diately. Applicant must be ABR-certified and able 
to obtain license in Pennsylvania. U of P is an 
affirmative action, equal opportunity employer, 
and specifically encourages applications from 
women and minorities. Send letter and CV to 
Rosalind H. Troupin, M.D., Dept. of Radiology, 
H.U.P.,, 3400 Spruce St., Philadelphia, PA 19104. 
5-7ap 


BC/BE RADIOLOGIST —Fuil-time staff radiolo- 
gist sought for active, tertiary-care medical center. 
Duties include interpreting general diagnostic 
films (excluding mammography), performing radi- 
ologic procedures and fluoroscopy, and supervis- 
ing and training residents with affiliated medical 
center. Additional subspecialty skills or training in 
ultrasound/CT, and/or angiography and inter- 
ventional procedures are beneficial. Candidate 
should be qualified to hold a faculty position with 
Yale University School of Medicine, and must be 
a US. citizen or qualify as a permanent resident 
of the United States. CV and letters of reference 
should be sent to Caroline Taylor, M.D., Chief, 
Radiology, Dept. of Veterans Affairs Medical Cen- 
ter, West Haven, CT 06516. The DVA Medical 
Center and Yale University are equal opportunity/ 
affirmative action employers. Applications from 
women and minority group members are encour- 
aged. Application deadline is Aug. 1, 1991. 5~-7a 


DIRECTOR OF NEURORADIOLOGY —Position 
available for Director of Neuroradiology in 700- 
bed, university-affiliated teaching hospital with 
fully approved residency program. Modern equip- 
ment includes digital subtraction angiography, 
2 CT, and 1 MAI. Staff of 12 full-time radiologists. 
Excellent salary and fringe package. Send CV to 
David Bryk, M.D., Maimonides Radiology Asso- 
ciates, PC., 4802 Tenth Ave., Brooklyn, NY 11219. 
5--7ap 

DIAGNOSTIC RADIOLOGIST—immediate open- 
ing leading to partnership in expanding, 4-mem- 
ber, hospital-based practice near Boston. Seeking 
recently trained BC/BE radiologist with skills and 
experience in general radiology, ultrasound, 
mammography, CT, and angio/interventional. 
interested persons should contact Steven Sitz- 
man, M.D., The Maiden Hospital, One Hospital 
Rd., Maiden, MA 02148; (617) 322-7560. 5~7ap 


BC/BE RADIOLOGIST, SOUTHEASTERN MICH- 
IGAN—Seven radiologists covering a 350-bed 
community hospital with a new women’s center 
seek a radiologist with a fellowship in ultrasound 
and special interest in OB ultrasound. Practice 
involves all aspects of imaging modalities includ- 
ing MRI. Competitive compensation package 
leading to partnership. Send inquiries and a CV 
with references to Bhaskar U. Shenai, M.D., 
Professional X-Ray Center, 67 Cass Ave., Mt. 
Clemens, MI 48043. 5~-7ap 


CLASSIFIED ADVERTISEMENTS 


PRACTICE OPPORTUNITY IN FAST-GROWING 
LAS VEGAS, NV—Expanding, 6-member radiol- 
ogy group is seeking 2 additional BE/BC radioi- 
ogists for July 1991 and Jan. 1992. We currently 
serve 2 hospitals with an outpatient imaging 
center to open in Jan. 1992. Outstanding salary 
and benefits package leading to full partnership 
in 2 yr. Send CV or contact Marc Pomerantz, 
M.D., Head of Search Committee, 1925 Spode 
Ave., Henderson, NV 89014; (702) 388-4640. 
5—9ap 


IMAGING RADIOLOGIST—Join the current staff 
of 5 imaging radiologists (MR/CT/ultrasound) at 
William Beaumont Hospital, a modern, tertiary- 
care medical center in southeastern Michigan 
with residency and fellowship programs in diag- 
nostic radiology. The dept. is expanding its state- 
of-the-art facilities to accommodate increasing 
demands on patient care. Area offers 1 of the best 
educational and recreational facilities. Excellent 
compensation. Write to Jalil Farah, M.D., Chair- 
man, Diagnostic Radiology, Wiliam Beaumont 
Hospital, 3601 W. 13 Mile Rd., Royal Oak, MI 
48073. 5-7a 


DIAGNOSTIC RADIOLOGIST, IMMEDIATE 
OPENING~—-Ten-person radiology group seeks a 
diagnostic radiologist with fellowship training, 
including body MRI/body imaging, to join a busy, 
hospital-based practice located in rapidly growing 
north Dallas. GE 1.5-T magnet, Toshiba midfield 
magnet, 2 GE 9800 scanners, Acuson 128 with 
color flow Doppler, and new special procedures 
suite with DSA. Please send CV to Box K54, 
AJR (see address this section). 7xa 


UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of the University of Texas Medical Branch 
in Galveston has openings for persons trained 
and experienced in ultrasonography and mam- 
mography. The opportunity for academic advance- 
ment is great and benefits are generous. Salaries 
are competitive and living conditions are desir- 
able. interested persons should contact Melvyn 
H. Schreiber, M.D., Chairman, Dept. of Radiology, 
UTMB, Galveston, TX 77550; (409) 761-1823. 
UTMB is an equal opportunity M/F/H/V affirma- 
tive action employer. UTMB hires only individuals 
authorized to work in the United States. 4~9a 


RADIOLOGIST —immediate opening for a quali- 
fied, board-certified/eligible radiologist to work in 
an outpatient imaging center located 40 mi. north 
of El Paso, TX. Must have knowledge of general 
radiology and experience with ultrasound, CT, 
and nuclear medicine. interested doctors should 
send CV to Sun View Imaging Services, PO. 
Box 8624, Las Cruces, NM 88006. 6~7ap 


DALLAS, TX—A 12-member, subspecialty group 
seeks a board-certified, general radiologist for an 
immediate opening. Fellowship training preferred, 
but will consider qualified individual with special 
expertise. CT/ultrasound, MRI, nuclear medicine, 
or angiography background particularly helpful. 
All imaging modalities available (state-of-the-art 
CT, angio, ultrasound, R & F, SPECT nuclear 
medicine, and MRI center). Salary and bonuses 
are excellent. Health and malpractice paid. No 
buy-in to partnership. Send CV to H. Stuart Peake, 
M.D., PO. Box 814129, Dallas, TX 75381; (214) 
888-7055. 4-9ap 


IMMEDIATE OPENING FOR BC/BE GENERAL 
RADIOLOGIST with experience in interventional 
and vascular radiology. Join a group of 4 radiolo- 
gists in a 160-bed hospital located in Allentown, 
PA, about 60 mi. northwest of Philadelphia. The 
daily practice includes all aspects of general 
radiology, CT, ultrasound, and nuclear medicine. 
Please call or send CV to Asad Shohadai, M.D., 
Allentown Osteopathic Medical Center, 1736 
Hamilton St., Allentown, PA 18104; (215) 770-8700. 
7xa 
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RADIOLOGIST, CAPITOL DISTRICT, NEW YORK 
STATE—Well-established, hospital-based group 
practice in upstate New York seeks a board- 
certified, general diagnostic radiologist with 
special competence and interest in nuciear medi- 
cine and MRI. Angiography and interventional 
experience will be helpful. This will be an addi- 
tional opening to a 5-person group currently 
performing all aspects of radiology. Salary first 
yr leading to full partnership. Please send CV to 
John J. Gorman, M.D., Dept. of Medical Imaging, 
St. Clare's Hospital, 600 McClellan St., Schenec- 
tady, NY 12304; (518) 382-2310. 4~7ap 


DIAGNOSTIC RADIOLOGIST needed in Conway 
Hospital, a community hospital located 10 mi. 
west of the resort/seaside community of Myrtle 
Beach, SC. The dept. performs 44,000 exams/yr 
including CT, MRI, nuclear medicine, ultrasound, 
mammography, and special procedures. All exams 
are done on state-of-the-art equipment. Our 3-per- 
son group offers a very strong financial package 
with all benefits including 17-wk vacation. Lovely, 
rapidly growing resort area includes 60 mi. of sandy 
beaches, 70 golf courses, and beautiful seaside 
homes. Contact Gary Rike, M.D., RO. Box 917, 
Conway, SC 29526; (803) 347-7277. 6~8ap 


BOSTON, IMMEDIATE OPENING—Radiologist 
wanted to join busy, well-established, private- 
practice group with 4 outpatient facilities. Exper- 
tise in ultrasound and mammography. No evening 
or weekend call. Excellent life-style, partnership 
opportunity. Send letter and CV to Box E49, AJR 
(see address this section). 6-11ap 


NEURORADIOLOGIST, BIG SKY COUNTRY— 
Group of 5 radiologists seek a BC, fellowship- 
trained colleague. Hospital and busy clinical 
practice. Must be a capable, general diagnostic 
radiologist. One yr to partnership. Send letter/ 
CV to Bruce Pinkerton, M.D., Dept. of Diagnostic 
Radiology, Deaconess Medical Center. P.O. Box 
2547, Billings, MT 59103. 2~7ap 


DUKE UNIVERSITY MEDICAL CENTER/STAFF 
RADIOLOGISTS—Duke University Medical Cen- 
ter is seeking qualified candidates for staff posi- 
tions in the Dept. of Diagnostic Radiology. A 
limited number of staff positions currently are 
available in the following sections: general diag- 
nostic, pediatric, chest, vascular/interventional, 
and musculoskeletal radiology. We offer an excel- 
lent salary and benefits package. The radiology 
dept. is state-of-the-art in diagnostic imaging with 
diverse resources available for clinical, teaching, 
and academic pursuits. Staff members have 
guaranteed academic time and research support. 
Interested board-certified radiologists with appro- 
priate experience should phone Robert Van- 
demark, M.D. at (919) 681-2711 ext. 5233, for 
additional information. Letters of inquiry should 
be sent to Carl E. Ravin, M.D., Dept. of Radiol- 
ogy, Box 3808, Duke University Medical Center, 
Erwin Rd., Durham, NC 27710. AA/EOQE. 2--7a 


SAN ANTONIO, TX--Group covering multiple 
hospitals and clinics seeks radiologists with 
imaging and angiography skills. Send CV to 
Search Committee, M&S X-Ray Associates, P.O. 
Box 15920, San Antonio, TX 78212-9510. 3-8ap 


SEATTLE COLLEAGUE WANTED-—Growing 
radiology group seeks new member. Full-service 
radiology dept. (50,000 procedures/yr) offers 
diagnostic, nuclear medicine, ultrasound (includ- 
ing vascular-Doppler), interventional, CT, and 
MRI. Outpatient imaging dept. (building permits 
pending) scheduled to open late 1991 that will 
include high-field GE Signa MR with MRA. 
Extremely favorable track for partnership. For 
further information regarding this opening, please 
contact Mr. Richard G. Wedig, Highline Com- 
munity Hospital, 16251 Sylvester Rd., S.W., 
Seattle, WA 98166; (206) 248-4561. 7-8ap 
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COME TO CALIFORNIA WITH A LICENSE 
FROM ANY STATE—Loma Linda VA Hospital 
has a vacancy for a board-certified radiologist. 
A current license from any state is acceptable. 
Loma Linda is located 70 mi. east of Los Angeles 
near beaches, mountain ski resorts, and south- 
land theme parks. This is a 500-bed, full-service 
hospital with a comprehensive diagnostic facility 
including ultrasound, CT, and MRI integrated 
with the Loma Linda University Medical Center 
residency training program. Opportunities exist 
to pursue clinical or academic interests. For 
additional information, contact Peter Dure-Smith, 
M.D., Chief, Radiology (114), Jerry L. Pettis Memo- 
rial Veterans Hospital, 11201 Benton St., Loma 
Linda, CA 92357; (714) 422-3069, fax (714) 
422-4106. Equal opportunity employer. 3-8ap 


TEN-PERSON RADIOLOGY GROUP located in 
Corpus Christi is seeking a new associate to start 
July 1990 or as late as July 1991. Must be board- 
certified or eligible. Will perform all diagnostic 
Studies, including interventional, CT, MRI, nuclear 
medicine, and ultrasound. Please send CV to 
Search Committee, P.O. Box 5608, Corpus Christi, 
TX 78465-5608. 7xa 


DIAGNOSTIC RADIOLOGIST-—-BC/BE radiolo- 
gist wanted to join expanding practice of 12 radi- 
ologists in northeastern Pennsyivania. Practice 
includes 3 hospitals (720 beds) and free-standing 
MRI. Candidate must have experience in angi- 
ography and interventional radiology, and be 
willing to cover other areas of diagnostic imaging. 
Contact Paul M. Leiman, M.D., Dept. of Radiol- 
ogy, Moses Taylor Hospital, 700 Quincy Ave., 
Scranton, PA 18501; (717) 963-2601. 6-7ap 


Positions Desired 


MUSCULOSKELETAL RADIOLOGIST, fellow- 
ship-trained at a major university program with 
over 10 yr experience in all imaging techniques. 
including CT and MR, seeks a full-time position 
in an academic or private musculoskeletal radi- 
ology practice. Currently an active clinical faculty 
member at 2 university programs and chief of a 
bone section in a radiology residency program at 
a large teaching/county facility (1 of the hospitals 
covered by our large, private-practice group). 
Current duties include a significant amount of 
general radiology. Priorities include high-quality 
practice of radiology, state-of-the-art equipment, 
and congenial working environment. Western 
U.S. preferred, but not mandatory. Enthusiastic, 
healthy, ABR-certified, mid-40s, and looking for 
a change. Excellent references. Reply to Box N42, 
AJR (see address this section). 7-9bp 


JULY 1991 RADIOLOGY RESIDENCY POSITION 
SOUGHT—Radiology resident completing sec- 
ond yr June 1991 seeks to transfer into the third 
yr of an academic university program. Also inter- 
ested in programs offering 1 yr of research with 
faculty member(s) before beginning third yr. Plan 
a career in academic radiology. Have training in 
all modalities. Research experience in diagnostic 
imaging. Excellent references. Reply to Box L27, 
AJR (see address this section). 7bp 


CLASSIFIED ADVERTISEMENTS 


Fellowships and Residencies 


VASCULAR/INTERVENTIONAL RADIOLOGY 
FELLOWSHIP—The Western Pennsylvania Hos- 
pital has an unexpected opening in a 1-yr fellow- 
ship program beginning July 1992. The program 
includes extensive experience in invasive and 
noninvasive vascular diagnosis and all aspects 
of vascular and nonvascular interventions. Inter- 
ventional procedures include angioplasty, athe- 
rectomy, vascular and biliary stenting, thromboly- 
sis, embolization, biliary, GU and GI interventions. 
Contact Gordon K. McLean, M.D., Director of Vas- 
cular and interventional Radiology, The Western 
Pennsylvania Hospital, 4800 Friendship Ave., 
Pittsburgh, PA 15224; (412) 578-1787. 7c 


FELLOWSHIP POSITIONS—The Dept. of Radi- 
ology and Radiological Sciences of Vanderbilt 
University School of Medicine is offering fellow- 
ship positions for 1992-1993 in angiography, 
musculoskeletal radiology, neuroradiology (2), 
and pediatrics. Research opportunities are avail- 
abie and encouraged. Candidates must be board- 
certified or qualified in diagnostic radiology and 
able to obtain a Tennessee medical license. 
Address inquiries and CV to Martin P Sandler, 
M.D., Director, Fellowship Programs, Dept. of 
Radiology and Radiological Sciences, Vanderbilt 
University, Nashville, TN 37232-2675. An equal 
opportunity/affirmative action employer. 7~9cp 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Unexpected opening 
available July 1, 1991, for a t-yr fellowship pro- 
gram at a 750-bed teaching hospital. Extensive 
clinical experience involving all aspects of cardio- 
vascular imaging, interventional vascular and 
nonvascular procedures, and availability for 
clinical or animal research. Send CV and inquiries 
to Oscar H. Gutierrez, M.D., Dept. of Radiology, 
Box 648, University of Rochester, Rochester, NY 
14642-8648. An equal opportunity employer 
(M/F). 5-8c 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY—The Harvard Medical School and 
Brigham and Women’s Hospital, Dept. of Radi- 
ology. is offering a 2-yr fellowship starting July 1, 
1992, in cardiovascular and interventional radi- 
ology including peripheral and coronary angi- 
ography, cardiac catheterization, digital vascular 
imaging, all types of interventional procedures, 
noninvasive vascular techniques, and cardio- 
vascular MRI. Research time available for parti- 
cipation in original or ongoing clinical and/or 
laboratory projects. Please send CV to B. Leonard 
Holman, M.D., Chairman, Dept. of Radiology, 
Brigham and Women's Hospital, 75 Francis St., 
Boston, MA 02115. Brigham and Women's Hos- 
pital/Harvard Medical School is an affirmative 
action/equal opportunity educator and employer. 
3-8c 


FELLOWSHIP IN CROSS-SECTIONAL IMAGING 
The Dept. of Radiology, Dartmouth-Hitchcock 
Medical Center, has an opening for July 1992 for 
a 1-yr fellowship in MRI/CT/ultrasound. Training 
includes experience in all aspects of MRI, includ- 
ing neuro and body, CT, and ultrasound, including 
obstetric and vascular imaging. imaging-guided 
biopsies and drainage procedures will be an 
integral part of the program. The Medical Center 
has a completely new 420-bed, tertiary-care 
hospital with state-of-the-art imaging equipment 
opening in the fall of 1991. Protected research 
time will be available for the fellow. There is 
ample opportunity for clinical radiologic research 
as well as technology assessment and outcome 
analysis in collaboration with Dartmouth Medical 
School Center for Evaluative Sciences. For further 
information, contact Robert D. Harris, M.D., Dept. 
of Radiology, Dartmouth-Hitchcock Medical 
Center, Hanover, NH 03756; (603) 646-5686. 7xc 
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FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—-The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRI — Jefferson’s ultra- 
sound division is 1 of the largest in the world and 
performs all currently available exams including 
obstetric, vascular, lithotripsy, invasive, and endo- 
luminal. We also operate 4 GE 1.5-T MRI units and 
3 CT scanners. Contact Barry Goldberg, M.D., 
regarding this program. Cardiovascular/inter- 
ventional — this division is housed in a new 
suite containing Philips angio units with DSA and 
performs the full range of vascular and nor- 
vascular interventional procedures. Contact 
Geoffrey Gardiner, Jr, M.D. Neuro/ENT radiology 
~- very active clinical services supply a wealth of 
material to this division, which is housed in 4 
neurosciences imaging center containing all 
imaging modalities. Contact Carlos Gonzalez, 
M.D. Breast Imaging — Jefferson's new breast 
imaging center performs approximately 85 
studies/day including ultrasound and needie 
localizations. Contact Stephen Feig, M.D, Chest 
~~ includes biopsies and CT. Contact Robert 
Steiner, M.D. MRI — a dedicated body MRI pro- 
gram including excellent research opportunities 
in addition to a large clinical case load. Contact 
Matthew Rifkin, M.D. Ultrasound — a dedicated 
ultrasound program. Contact Barry Goldberg, 
M.D. Musculoskeletal — includes MRI of the 
musculoskeletal system. Contact David Karasick, 
M.D. All program directors listed above can be 
contacted at the Dept. of Radiology, Thomas Jet- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/ affirmative 
action employer 7xc 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for 
a musculoskeletal fellow position for 1992 at the 
Cleveland Clinic Foundation (CCF). CCF is a 
1000-bed, tertiary-care, teaching medical center 
with a large radiology residency program. Local, 
national, and international patients provide an 
interesting and varied mix of bone pathology. 
Training includes all aspects of musculoskeletal 
radiology including MR, CT, arthrography, biopsy, 
bone densitometry, and a large plain film experi- 
ence. Fellowship includes patient care, teaching, 
and research. There is a close working relation- 
ship with the orthopedic, rheumatology, and 
endocrinology depts. There are presently 4 mus- 
culoskeletal staff in the section. For further infor- 
mation, please contact Bradford J. Richmond. 
M.D., Head, Section of Musculoskeletal Radiology, 
Desk A-21, 9500 Euclid Ave., Cleveland, OH 
44195; (216) 444-3931. 5~10c 


DUKE UNIVERSITY MEDICAL CENTER FELLOW- 
SHIP POSITIONS — Duke University Medical 
Center is seeking qualified candidates for fellow- 
ship positions in the Dept. of Diagnostic Radi- 
ology. Currently there are positions available in 
the following areas: chest, musculoskeletal, and 
vascular/interventional radiology, ultrasound, 
advanced diagnostic imaging, MRI, neuroradi- 
ology, abdominal imaging, mammography, and 
research fellowships. The radiology dept. is state- 
of-the-art in diagnostic imaging with diverse 
resources available for clinical, teaching, and 
academic pursuits. Fellowship training is gen- 
erally organized by organ systems, although 
experience can be individualized to accormmo- 
date special interests. Salary and benefits are 
competitive and academic time is guaranteed. 
For additional information, please phone Richard 
Leder, M.D. at (919) 681-2711 ext. 5310. Applica- 
tions are due Feb. 1 of the preceding yr and 
can be obtained by writing to N. Reed Dunnick, 
M.D., Dept. of Radiology, Duke University Medical 
Center, Erwin Rd., Box 3808, Durham, NC 27710. 
AAIEOE. 2-7c 
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FELLOWSHIPS IN PEDIATRIC RADIOLOGY 
AND PEDIATRIC NEURORADIOLOGY—The 
Dept. of Radiology, Children’s Hospital Medical 
Center, Cincinnati, OH, offers 1- or 2-yr fellowships 
in pediatric radiology beginning July 1, 1993. A 
1-yr pediatric neuroradiology fellowship program 
is also offered and may be taken separately or 
combined with 1 yr of adult neuroradiology fellow- 
ship at the University of Cincinnati Medical Center. 
Children’s Hospital Medical Center (CHMC) is a 
355-bed institution. The dept. performs over 
105,000 radiologic exams annually in the largest 
children’s hospital and ambulatory practice in the 
U.S. The dept. has 14 full-time faculty pediatric 
radiologists, 6 fellows, and many resident 
trainees. Five pediatric radiology and 1 pediatric 
neuroradiology fellowship positions are available 
annually. Training includes all aspects of pediatric 
imaging: neonatal radiology, neuroimaging, mus- 
culoskeletal radiology, cardiovascular and thoracic 
imaging, abdominal imaging, oncologic imaging, 
ultrasonography, nuclear medicine, CT, MRI, and 
vascular/interventional procedures. The dept. has 
an active clinical service with state-of-the-art 
equipment as follows: digital fluoroscopy; Acuson, 
Al, and ATL ultrasound units with Doppler and 
color flow Doppler capabilities; planar SPECT 
gamma cameras; GE 9800 Quick CT scanner; 
1.5-T GE MRI with spectroscopy; and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. The fellowship provides a 
broad clinical experience in pediatric radiology as 
well as numerous opportunities to participate in 
both clinical and basic research. Candidates must 
be board-certified or board-qualified in diagnostic 
radiology and must be able to obtain an Ohio 
medical license. Salary and fringe benefits are 
highly competitive. Applications are due before 
Jan. 1992, with interviews scheduled during the 
fall and winter of 1991-1992. There are numerous 
career opportunities in pediatric radiology in 
academic and private practice settings. To receive 
more information about the fellowships at CHMC 
or careers in pediatric radiology, please contact 
Donald R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children’s Hospital Medical Center, Cincin- 
nati, OH 45229-2899: (513) 559-8058. Children’s 
Hospital Medical Center and the University of 
Cincinnati College of Medicine are affirmative 
action/equal opportunity employers. 5—4cp 


IMAGING FELLOWSHIP—A 1-yr fellowship in 
ultrasound, MRI, and body CT is available July 
1, 1992-—June 30, 1993, at a 576-bed teaching 
hospital. The Dept. of Radiology performs more 
than 140,000 exams with state-of-the-art equip- 
ment. The ultrasound section is responsible for 
all aspects of sonography including OB-GYN, 
pediatric, abdominal, and smal! parts. Extensive 
training in color flow imaging, duplex Doppler, 
transvaginal, transrectal techniques, and sono- 
graphically guided procedures. Two GE MRI 
scanners and 2 GE 9800 Quick CT units provide 
high-volume caseloads in these areas. Oppor- 
tunities are available for participation in imaging 
research. For further information, please contact 
Marcela Bohm-Velez, M.D., Imaging Fellowship 
Director, West Penn Hospital, 4800 Friendship 
Ave., Pittsburgh, PA 15224. 5-10c 


FELLOWSHIP IN ULTRASOUND /CT/ANGIO/ 
INTERVENTIONAL—A tyr fellowship program 
available beginning July 1992 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affiliated hospital. 
The fellowship program offers training in CT 
(head and body), ultrasound, angiography (neuro 
and visceral), and interventional radiography. MRI 
experience is also available. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radi- 
ology, Lehigh Valley Hospital Center, PO. Box 
689, Allentown, PA 18105. 2~7c 
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IMMEDIATE OPENING, FELLOWSHIP IN PEDI- 
ATRIC RADIOLOGY —Position available for fellow- 
ship in pediatric radiology, 1- or 2-yr, beginning 
July 1, 1992, or July 1, 1993. Full training with 
abundant hands-on experience with all imaging 
modalities. Supported by strong Dept. of Pedi- 
atrics with a good mixture of patient material. 
Excellent teaching on a 1-to-1 basis and ample 
opportunity for pursuing academic interests. 
Apply to Leonard E. Swischuk, M.D., Dept. of 
Radiology, The University of Texas Medical 
Branch, Child Health Center, C-65, Gaiveston, TX 
77550; (409) 761-2096. UTMB is an equal oppor- 
tunity M/F/H/V affirmative action employer. UTMB 
hires only persons authorized to work in the 
United States. 5~7c 


FELLOWSHIP IN CALIFORNIA, JULY 1991— 
Interventional, cross-sectional imaging (MRI, CT. 
ultrasound) at a large trauma center. Send CV to 
Dr. Levan, Dept. of Radiology, St. Mary Medical 
Center, 1050 Linden Ave., Long Beach, CA 90813 
or call (213) 491-9900 for information. 5~7cp 
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Tutorials/Courses 


MAUI, HAWAII 1991— 16th Annual Body imaging 
Congress, October 5-12, 1991. CME |, Grand 
Hyatt Wailea. Medical Seminars International, 
Inc., 18981 Ventura Bivd., Ste. 303, Tarzana, CA 
91356; (818} 774-9077, fax (818) 774-0244. 6-9d 
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The Osler Institute 


Radiology Review Course 


September 26-October 1, 1991 — Chicago 
May, 1992 — Louisville 


OBJECTIVES METHODS 

è Improve basic knowledge and clinical skills in radiology è HOME STUDY MATERIALS consisting of written questions 
è Assist residents and fellows to study efficiently with assignments and answers with explanations 

è Prepare recent graduates to meet their next milestones è SEMINAR with projection slides and syllabus 

è Provide practicing radiologists with a review and update è PRACTICE EXERCISES with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Radiologic Physics Genitourinary Richard Cooper, M.D. 
Radiation and Radiology Kidney and Ureter Loyola Univ. of Chicago 
X-rays and Imaging Bladder and Pelvis i 
Fluoroscopy Abdominal Ultrasound Harry Griffiths, M.D. 
Tomography Ob. and Pelvic Ultrasound University of Minnesota 
Computed Tomography Bone and Joints Fernando Gutierrez, M.D. 
Snes nog anny Tumors and Trauma Washington University 
MRI Metabolic and Endocrine 
Quality Assurance infection Donald Jacobson, M.S. 
Chest Dysplasia Med. College of Wisconsin 
Infiltrates and Cavities emneulal Lisa: Stephen Karesh, Ph.D. 
Nodules and Masses Loyola Univ. of Chicago 
a Mammography 
Cardiovascul Neonek pe 

ardiovascular euro., Head an E : 
TOTOO Skull ard Contents University of Chicago 
Coronary Arteries Spine, Disc and Cord Mahmood Mafee, M.D. 
Peripheral Arteries Temporal and Facial Bones Univ. of Illinois at Chicago 
Echocardi h Sinuses, Larynx and Neck 
R Geno Sebes, M.D. 

Nuclear Radiology Pediatric University of Tennessee 
Decay and Detectors Pediatric Chest 
Statistics & Instrumentation Cardiovascular System Robert Seevers, Ph.D. 
Radiopharmaceuticals Gastrointestinal Tract Michael Reese Chicago 
Quality Control & Licensure itourinary : ; 

Endocrine Scans and Rx Saas and ee aden ae l, MD. 

GI, GU, Bone, and Brain Central Nervous System GEOR SVETRY 
Liver, Spleen, and Lung Andrew Taylor, M.D. 

a, in, anig igar FACULTY Med. College of Wisconsin 

Gastrointestinal Behrooz Azar-Kia, M.D. Aruna Vade, M.D. 


Esophagus and Stomach Loyola Univ. of Chicago Loyola Univ. of Chicago 
Small Bowel and Colon 


Liver and Gallbladder Michael Blend, Ph.D.,D.O. William Wehunt, M.D. 
Pancreas and Spleen Univ. of Illinois at Chicago George Washington Univ. 


Limited Enrollment: RADIOLOGY REVIEW REGISTRATION 


Name see ae ee. |e 


d 
Address : 
| City/State/Zip : 
! Phone : 
: . For: l „1991 -Chicago ! 
Mail today to: or: C] Sept. 26-Oct. 1, 1991 — Chicago 
: May, 1992 ~ Louisv1 : 
: 1094 Dawn Lane, Dept. 107 sain sheila: - 
: PO, Box 2218 (J Check enclosed for $ i 
: Terre Haute, IN 47802 ( Please send FREE SAMPLE 
i 
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“Accommodations were comfortable... * 


COURSES AND LOCATION: These cour- 
ses are designed, scheduled and located to 
serve the needs of radiology residents and 
recent graduates. Home study questions are 
sent upon registration. The courses include 
both lectures and question sessions —- faculty 
and students both questioning and answering 
in practice for what will follow. The early fall 
courses are more theoretical and the spring 
courses are more clinical. Your best value is 
to repeat the seminar for half price. The Sep- 
tember course will be at the Hilton Inn, Lisle, 
Illinois. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for special group fares. 


"the most education for the money.’ 


FEES AND COURSE HOURS: 

© Physician or Resident: Phy. Res. hrs. 

® Sept. 26: Radiology Physics $135 $ 90 10 

è Sept. 27 -Oct. 1: Clin. Rad. $660 $440 40 

è Sept. 26 -Oct. 1: Full Course $750 $500 60 
Repeating within 2 years $375 $375 60 

è Mock oral exams: $703 70 172 

è Private mock orals: $100 $100 12 

è Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

è $50.00 will reserve your position. 

® Most home study material will be mailed after 
half of the registration fee is received. 


"home study material was extremely helpful.’™ 


REFUNDS: Subject to a $50 fee, refunds will 

be made up until the seminar begins. 

è Cancellation after mailing home study 
material requires retention of half the fee, 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 





REVIEW ARTICLE 


1 Oriental cholangiohepatitis: pathologic, clinical, and 
radiologic features, Lim JH 


CARDIOPULMONARY RADIOLOGY 


-9 Right and left ventricular stroke volume measurements 
with velocity-encoded cine MR imaging: in vitro and 
in vivo validation. Kondo C, Caputo GR, Semelka R, 
Foster E, Shimakawa A, Higgins CB 

17 Case report. Traumatic rupture of the diaphragm with- 
out visceral herniation: CT diagnosis. Holland DG, 
Quint LE 

19 Case report. Delayed appearance of localized pericar- 
dial effusion after cardiac surgery. Miyake H, lwanaga 
S, Suzuki K, et al. 


BREAST RADIOLOGY 


21 The prevalence of carcinoma in palpable vs impalpa- 
ble, mammographically detected lesions. Bassett 
LW, Liu T-H, Giuliano AE, Goid RH 

25 Diagnostic importance of the radiographic density of 
noncailcified breast masses: analysis of 91 lesions. 
Jackson VP, Dines KA, Bassett LW, Gold RH, Reynolds 
HE 


GASTROINTESTINAL RADIOLOGY 


29 Obstructive dilatation of extrahepatic recipient and 
donor bile ducts complicating orthotopic liver trans- 
plantation: imaging and laboratory findings. Miller 
WJ, Campbell WL, Zajko AB, et al. 

33 Thin-layer chromatography to monitor cholesterol gall- 
stone dissolution by methyl tert-butyl ether. D'Agos- 
tino HB, vanSonnenberg E, Schteingart CD, Hofmann 
AF, Casola G, Mathieson JR 

37 Intraperitoneal contrast material improves the CT de- 
tection of peritoneal metastases. Ha/vorsen RA Jr, 
Panushka C, Oakley GJ, Letourneau JG, Adcock LL 

41 Afferentloop syndrome: sonographic findings in seven 
cases. Lee DH, Lim JH, Ko YT 

45 Case report. Intramural and intraperitoneal hemor- 
rhage due to duodenal ulcer. Racin DR 

47 Case report. Aortoenteric fistula manifested as an 
intramural duodenal hematoma. Zeppa MA, Forrest 
JV 


GENITOURINARY RADIOLOGY 


49 Radiocontrast-associated renal dysfunction: incidence 
Ae and risk factors. Lautin EM, Freeman NJ, Schoenfeid 
ee AH, et al. 
ee 59 Radiocontrast-associated renal dysfunction: a com- 
parison of lower-osmolality and conventional high- 
osmolality contrast media. Lautin EM, Freeman Nd, 
Schoenfeld AH, et al. 
66 Commentary. The evaluation of contrast-related renal 
failure. Bettmann MA 
69 Ureteral pseudodiverticula: frequent association with 
uroepithelial malignancy. Wasserman NF, Zhang G, 
_ Posalaky IP, Reddy PK 
73, Sonography of the cervix during the third trimester of 
pregnancy: value of the transperineal approach. 
Hertzberg BS, Bowie JD, Weber TM, Carroll BA, Kliewer 
MA, Jordan SG 
77 Organic vs functional obstruction of the fallopian 
tubes: differentiation with prostaglandin antagonist- 
and f.-agonist-mediated hysterosalpingography 
and selective ostial salpingography. Lang EK 


MUSCULOSKELETAL RADIOLOGY 


81 MR examination of the knee: interpretation with multi- 
screen digital workstation vs hardcopy format. 
Brown dd, Malchow S, Totty WG, et al. 

87 Effect of radiation therapy on thoracic and lumbar bone 
marrow: evaluation with MR imaging. Yankelevitz DF, 
Henschke CI, Knapp PH, Nisce L, Yi Y, Cahill P g 

93 Pictorial essay. Normal and degenerated intervertebra! 
disk: in vivo and in vitro MR imaging with histopath- 


ologic correlation. Schiebler ML, Grenier N, Fallon M, 


Camerino V, Zlatkin M, Kressel HY 





99 Overall body fat and regional fat distribution in young 
women: quantification with MR imaging. Gerard EL, 
Snow RC, Kennedy DN, et al. 
105 Unidirectional joint communications in wrist arthrog- 
raphy: an evaluation of 250 cases. Wilson AJ, Gilula 
LA, Mann FA 


PEDIATRIC RADIOLOGY 


111 Safety-belt injuries in children with lap-belt ecchymo- 
sis: CT findings in 61 patjents. Sivit CJ, Taylor-GA, 
Newman KD, et al. 

115 Urinary tract calculi that form on surgical staples: a 
characteristic radiologic appearance. Dangman BC, 
Lebowitz RL Š 

119 Normal splenic size in infants and children: sono- 

~ graphic measurements. Rosenberg HK, Markowitz Al, 
Kolberg H, Park C, Hubbard A, Bellah AD 


NEURORADIOLOGY 


123 MR imaging of the brain in patients with diabetes 
insipidus. Tien R, Kucharczyk J, Kucharczyk W 

133 MR imaging of intracerebral blood: diversity in the 
temporal pattern at 0.5 and 1.0 T. Zyed A, Hayman 
LA, Bryan RN 

139 Dural sinus occlusion: evaluation with phase-sensitive 
gradient-echo MR imaging. Tsuruda JS, Shimakawa 
A, Pele NJ, Saloner D 

147 Pictorial essay. Differential diagnosis of head and neck 
lesions based on their space of origin. 1. The su- 
prahyoid part of the neck. Harnsberger HR, Osborn 
AG 

155 Pictorial essay. Differential diagnosis of head and neck 
lesions based on their space of origin. 2. The infra- 
hyoid portion of the neck. Smoker WAK, Harnsberger 
HR 

161 Radiologic evaluation of the normal and diseased pos- 
terior cervical space. Parker GD, Harnsberger HR 


VASCULAR AND INTERVENTIONAL RADIOLOGY 


167 Stenoses of vascular anastomoses after hepatic trans- 
plantation: treatment with balloon angioplasty. Raby 
N, Karani J, Thomas S, O'Grady J, Williams R 

173 Randomized double-blind trial of midazolam/placebo 
and midazolam/fentanyl for sedation and analgesia 
in lower-extremity angiography. Cragg AH, Smith TP, 
Berbaum KS, Nakagawa N 

177 Case report. Spontaneous fracture of a Vena-Tech 
inferior vena caval filter. Awh MH, Taylor FC, Lu C-T 

179 Technical note. Preoperative CT-guided percutaneous 
localization of smali masses with a Kopans needle. 
Finchid ~ | 


DIGITAL. IMAGING 


181 Pictorial essay. Artifacts in computed radiography. Sol- 
omon SL, Jost RG, Glazer HS, Sage! SS, Anderson DJ, 
Molina PL 


MEETING NEWS 


187 The Society of Gastrointestinal Radiologists: 20th. an- | 
nual meeting, February 1991. Whalen E 


OTHER CONTENT 
Book reviews 98, 122, 166, 172 
36 ARRS 1992 resident award papers information 
44 Radiologic-pathologic conference 
110 Medicine in American art 
160 R.H. Ackerman, AFIP Distinguished Scientist. Buck JL 
186 Books received | 
194 Forthcoming articles 
195 Letters 
202 Review of current literature 
205 News 
208 ARRS 1992 meeting announcement 
213 American Roentgen Ray Society information 
214 ARRS membership information and application 7 
217 Classified advertisements | 
A6 AJR business and subscriber information 
A17 Guidelines for authors 


ESNIA 
American 
Journal of | 
Roentgenology 


‘Auaust 1991 








O801-3H1L ‘ONI ‘SSINOLVHOSVT JSYLNIVHE 1661 © 


so1LUIelG 


ONI-S3IH¥OLVHOSYVT 
68Z-S8Z :9E ‘0661 OSOpug ISƏJUIONSLY “| :99U31943H 





'ZLOZO WW ‘uoy nos “ou ‘seuoyes0ge7 aU Aq 
P8lLZO VW ‘8eaJjuleig “uy ‘SeuOyesOge’] BsljUIeJgG 104 paunjoejynueyy 





, = E a n 
TED. AAR AP LE ) 


Ád; 


b 0} € ATALATON 40 9}SE} Əy} 
J9j91Id SJUSIJEd "39UƏ31Ə}Əld 


-SOJEIJSUOWSP A13 LA109 PUE .ATSLAIAN 
Buuedwoo ,Apnis 13}uƏ91}4NWU pəpuıjq-əjqnop y 


UOIINJOS [e10 104 ƏPpuOJyD WNISSE} Og pue 
ayeuoqiedig WNIPOS ‘Spuojyo WNIPOS ‘OSEE 93d 


ATSLAION . 
LOSeEL ©], GUM oberg 








Official Journal of the American Roentgen Ray Society 





American Journal of Roentgenology 
Diagnostic Imaging and Related Sciences 


Editor-in-Chief Robert N. Berk, La Jolla, California 
University of California, San Diego 
School of Medicine and Medical Center 


Editor Emeritus Melvin M. Figley, Seattle, Washington 


Associate Editor Saskia von Waldenburg Hilton, San Diego, California 


Consulting Editor Michael S. Huckman, Chicago, Illinois 
Statistician Charles C. Berry, San Diego, California 


Editorial Board 


John R. Amberg 
Ithamar Aviad 

Mark E. Baker 
Lawrence W. Bassett 
Michael A. Bettman 
Felix S. Chew 

N. Reed Dunnick 
David K. Edwards 
Ronald G. Evens 
David S. Feigin 
Sandra K. Fernbach 
Richard H. Gold 


John R. Hesselink 
Charles B. Higgins 
Melvyn T. Korobkin 
Faye C. Laing 
Thomas L. Lawson 
Robert G. Levitt 
Bruce L. McClennan 
Richard P. Moser 
Albert A. Moss 
Jeffrey H. Newhouse 
Donald L. Resnick 
Stewart R. Reuter 


Peter M. Ronai 
Sjef H. J. Ruijs 
Stuart S. Sagel 
David J. Sartoris 
Stefan C. Schatzki 
Wiliam P. Shuman 
Edward A. Sickles 
Barry A. Siegel 
David D. Stark 
Edward T. Stewart 
Murali Sundaram 
Eric vanSonnenberg 


William R. Hendee Charles A. Rohrmann, Jr. Robert K. Zeman 


Editorial Staff: Margaret Levene, managing editor; Katie L. Spiller, Barbara Rose, 
Barbara L. Halliburton, and Janine Anderson, manuscript editors; Nancy Rydbeck, office 
manager, Sheri Smith, administrative assistant; Linda J. Waggoner, administrative 
secretary 


AJR, AMERICAN JOURNAL OF ROENTGENOLOGY (ISSN 0361 803X) is the official journal of the American Roentgen Ray 
Society and is published monthly by Williams & Wilkins, 428 E. Preston St., Baltimore, MD 21202. Annual dues include $50 for 
journal subscription. Second-class postage paid at Baltimore, MD, and at additional mailing offices. Postmaster, send address, 
changes (Form 3579) to AJR, 428 E. Preston St., Baltimore, MD 21202. Subscription rates $125 ($180 foreign): institutions $138 
($190 foreign); in training $25 ($80 foreign); single copy $18 ($22 foreign). The GST number for Canadian subscribers is 12339437 
Airmail rates furnished on request. indexed by Current Contents and Index Medicus. Copyright © 1991 by American Roentgen | 
Ray Society. 0361-803X/90$3:00 









Al 


~ 


a ee 








QO D | 





A water-loving medium. 
And the advantages it brings. 


It has been suggested that 
water-loving contrast agents 
are less toxic than lipid-loving 
compounds." 

Hydrophilic agents attract 
water when injected into the 
bloodstream and the body per- 
ceives them as “friendlier” 
molecules’; they are less likely 
to cross the blood-brain bar- 
rier or to diffuse across the 
lipid bilayers of neural cell 
membranes.’ 

One measure of hydrophilic- 
ity is the octanol:water partition 
coefficient. By this standard, 
Optiray is the most hydrophilic 
of the nonionic media. 

The ordering of LD, values 
is consistent with the ordering of 
octanol:water partition coeffi- 
cients. The most hydrophilic 
agent, Optiray, demonstrates 
the least intracisternal toxicity. 


gg 


Relative Toxicity and Hydrophilicity 


of Nonionics** 
L Partition 
Contrast Values! Coefficients § 
Agents (mg I/kg) (Octanol: Water) 
Optiray > 1,200 4 
Iohexol 977 8 
Iopamidol 800 19 


*Caution must be used to avoid drawing y clinical 


conclusions based solely upon nonclinical data. 
t Comparative acute intracisternal toxicity in rats, 
§x10-*. 


(Higher LD,, value indicates 
less toxicity; lower partition 
coefficient indicates greater 
hydrophilicity. ) 

With Optiray, you can expect 
a very low incidence of individual, 
drug-related adverse reactions.’ 
Optiray also offers the safety, 
convenience, and cost efficien- 
cy of the single-dose Ultrajects 
prefilled syringe. For more 
information, contact your 
Mallinckrodt Medical repre- 
sentative or call us toll free at 


(800) 325-3688. 


Nonionic 


OFTIRAY 


(loversol) 


The friendlier molecule 





All nonionic iodinated contrast 
media currently available inhibit 
blood coagulation, in vitro, less than 
ionic contrast media. Clotting has 
been reported when blood remains in 
contact with syringes containing non- 
ionic contrast hoe Therefore, 
meticulous intravascular administra- 
tion technique is necessary to mini- 
mize thromboembolic events. 
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4. Benamor M, Aten EM, McElvany KD, et al. 
Ioversol clinical safety summary. Invest Radiol 
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Please see adjacent page for brief summary of prescribing information. 


OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioverso! injection 
34%} provides 339 mg of ioverso! with 3.6 mg of tramethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine, 

Each mililiter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of overso! with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including iength of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation. use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting, 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. lt is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae. including 
permanent paralysis, can occur following cerebral arteriography, selective 
Spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
Causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic ettects. 

Caution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure: however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required, Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
if, in the opinion of the physician, the possibie benefits of such procedures 
outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum, The biood pressure shouid be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personne} skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personne! competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at jeast 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renat 
disease). Patients should be weil hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. it is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may de attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

in angiographic procedures. the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed tor sev- 
eral hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Orug interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversei injection. 

Drug Laboratory Test interactions: The results of PB! and radioactive 
iodine uptake studies. which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (74) 
assays are not affected. 

Carcinogenesis, Mutagenesis, impairment af Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animai 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers. itis not known whether ioverso! is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human mik. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration shouid be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment}. However, serious, 
life-threatening and fatai reactions, mostly of cardiovascular origin. have 
been associated with the administration of iodine-containing contrast 
media, 

Injections of contrast media are often associated with sensations of 
warmth and pain. in controlled double-blind clinical studies, significantly 
iess warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate megiumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY {ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardiess of frequency. 


Adverse Reactions 
System > 1% <1% 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 
vomiting 


cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dyspnasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
Serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities. mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory 


none 


Skin 


none 


Miscellaneous none 


occur during injection or § to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. i59- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent} to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category, 

idiosyncratic reactions include ali other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may of may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure, idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

in addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
Sis and tissue necrosis, 

Respiratory: choking. dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and brochospasm, pulmonary edema, apnea 
and cyanosis. Rarely these ailergic-type reactions can progress into 
anaphylaxis with foss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard: these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus paisy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenai chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

in cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic biood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
Studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

in aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
transiumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have aiso been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
Spinal anesthesia, and injection of vasopressors to increase contrast. in 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
vine and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with GPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriograpty 

Puisation should be present in the artery to be injected. In thromboan- 
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| Format. No abstract, headings, or subheadings are re- _ 
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Figures. Maximum of two. | 

Tables and Acknowledgments. Not appropriate in Let- | 
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| Computer Page Articles 


Articles published on the computer page deal with prac- — 
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Review Article 





The Biliary Tract: Imaging for the 1990s 


Morton |. Burrell," Robert K. Zeman,’ Joseph F. Simeone,°? Abraham H. Dachman,* John P. McGahan,° 
Eric vanSonnenberg,° David S. Zimmon,’ William Torres,® and Igor Laufer? 


This paper is the result of a panel of experts convened at 
the annual meeting of the Society of Gastrointestinal Radiol- 
ogists in Hawaii, January 14-19, 1990, to discuss the current 
Status of diagnostic radiology of the biliary tract and biliary 
‘intervention. The focus of discussion was to update and touch 
on the highlights of each area rather than to provide a com- 
prehensive review. 


Hepatobiliary Anatomy 


Refinements in imaging of the biliary tract have increased 
understanding of biliary anatomy and heightened awareness 
of common pitfalls [1]. The intrahepatic bile ducts branch in a 
predictable manner, following the distribution of the hepatic 
segments. The bile ducts that drain the medial and lateral 
segments of the left lobe are relatively anterior to the right 
lobar ducts. When cholangiography is performed, contrast 
material tends to flow into dependent portions of the biliary 
tree. When the patient is prone, as for most ERCPs, the 
intrahepatic ducts in the left lobe preferentially fill with contrast 
material, whereas the intrahepatic ducts in the right lobe often 
remain unopacified. Failure initially to fill the ducts on the right 
side should not be construed as evidence of segmental ob- 
Struction. 
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As the right and left hepatic ducts join to form the common 
hepatic duct, they arch anteriorly over the porta! vein. The 
common hepatic duct, portal vein, and hepatic artery all lie 
within the hepatoduodenal ligament (Fig. 1). Although the 
normal intrahepatic bile ducts are not seen on CT, the com- 
mon hepatic duct can readily be distinguished from the adja- 
cent contrast-enhanced blood vessels. An oblique sonogram, 
made perpendicular to the right costal margin, is the standard 
view for visualizing the common hepatic duct. The diameter 
of the normal common hepatic duct should not be more than 
6.0 mm. In elderly patients, more liberal criteria are used [2]. 

Because the correct identification of ductal dilatation is 
important, several common pitfalls should be avoided on 
imaging studies. On sonography, distinguishing blood vessels 
from dilated bile ducts may be difficult. Dilated bile ducts can 
usually be followed to the porta hepatis, where they converge 
to form the common hepatic duct. The portal vein branches 
are parallel to the bile ducts and also are in the central portion 
of each of the hepatic segments. The portal vein branches 
diverge from the main portal vein, which can be traced directly 
into the splenoportal confluence. Tubular channels can be 
identified by tracing them into the porta hepatis. If uncertainty 
remains, Doppler or color flow sonography is useful to distin- 
guish between biood vessels and dilated bile ducts. 
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On CT, contrast-enhanced scans should be used to identify 
dilated bile ducts. High levels of circulating contrast material 
in the blood vessels will eliminate confusion between vascular 
and biliary structures. In patients with portal vein thrombosis 
or Budd-Chiari syndrome, thrombus within unenhanced blood 
vessels may mimic ductal dilatation. In these cases, the 
patchy enhancement of the liver parenchyma on dynamic CT 
often will provide a clue to the diagnosis. 


Gallbladder Disease 
Acute Cholecystitis 


Imaging of acute cholecystitis changed markedly in the late 
1970s and early 1980s as a result of improvements in sonog- 
raphy and cholescintigraphy. The two techniques have com- 
parable sensitivities and specificities when performed by ex- 
perienced radiologists [3]. Regardless of which radionuclide 
is used, the hallmark of acute cholecystitis on cholescintigra- 
phy is obstruction of the cystic duct, resulting in nonvisuali- 
zation of the gallbladder. In patients with biliary stasis asso- 
ciated with hyperalimentation or fasting, the gallbladder may 
be slow to fill with radionuclide. Before the use of morphine, 
it often was necessary to obtain delayed views up to 4 hr or 
more after the injection of radionuclide in order to determine 
if nonvisualization of the gallbladder was related to poor 
uptake in the distended gallbladder or to obstruction of the 
cystic duct due to acute cholecystitis. 

The sonographic diagnosis of acute cholecystitis requires 
the presence of three findings. Because at least 90% of 
patients with acute cholecystitis have cholelithiasis, sono- 
graphic evidence of gallstones in the gallbladder is usually 
present. A sonolucent band caused by edema within the 
gallbladder wall is often present also. When this sonolucency 
is focal or striated, acute inflammation can be diagnosed with 
relative specificity [4] (Fig. 2). This appearance can be seen 
on CT also. The third finding is the sonographic Murphy sign: 
palpation of the inflamed gallbladder with the transducer 
causes pain. The value of this sign is controversial. 

The most common complications of acute cholecystitis are 
gangrenous cholecystitis, emphysematous cholecystitis, per- 
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Fig. 1.—Structures of hepatoduo- 
denal ligament. 

A, Drawing shows common hepatic 
duct (D) lies anterior to hepatic artery 
(HA) and right portal vein (RPV). Cross- 
sectional appearance (a, a’-c’) of 
these structures is easily predicted. 
MPV = main portal vein, IVC = inferior 
vena cava, A = aorta, LPV = left portal 
vein. 

B, Oblique sonogram corresponding 
to section a’ shows common hepatic 
duct (D) and hepatic artery (A) anterior 
to portal vein bifurcation (pv). 

(Modified from Zeman and Burrell 


[1].) 


foration of the gallbladder, and Mirrizzi syndrome. Gangre- 
nous cholecystitis implies the presence of severe inflammation 
and broad areas of necrosis of the gallbladder wall. Secondary 
perforation may occur. Sonographic findings include thicken- 
ing of the gallbladder wall, with multiple sonolucent layers. 
On cholescintigraphy, a rim of increased uptake of radio- 
nuclide within the liver adjacent to the inflamed (and nonvi- 
sualized) gallbladder has been reported. 

Emphysematous cholecystitis is the result of a gas-produc- 
ing infection of the gallbladder. About one third of patients 
have Clostridium perfringens in their bile. On sonography, 
echoes that do not move with gravity are present within the 
gallbladder. Gallstones may or may not be present because 
some cases are related to ischemia. Gas within the wall or 
lumen of the gallbladder is readily detected on CT. 

Perforation of the gallbladder is a life-threatening sequela 
of acute cholecystitis. When it occurs, biloma, pericholecystic 
abscess, or bile peritonitis may result. Sonography and CT 
show fluid next to the gallbladder [5]. Cholescintigraphy may 
show extravasation if the cystic duct is incompletely ob- 
structed. 

Mirrizzi syndrome occurs when a stone erodes from the 
inflamed cystic duct into the common hepatic or common bile 
duct, leading to an inflammatory mass that obstructs the bile 
duct. It is often difficult to diagnose the syndrome on the 
basis of imaging studies; however, visualization of a stone 
straddling the junction of the cystic duct and the common 
hepatic duct and associated severe inflammation of the gall- 
bladder wall and biliary obstruction suggest the diagnosis. 
Failure to recognize this condition has resulted in inadvertent 
ligation of the common bile duct during surgery. 


Thickening of the Gallbladder Wall 


In a patient who has been fasting for at least 8 hr, the 
minimum period recommended for gallbladder evaluation, the 
normal thickness of the gallbladder wall in the axial plane on 
sonography is 3 mm [6]. The thickness of the wall of a normal 
gallbladder examined 30 min to 2 hr after the patient has 
eaten a meal is greater than 3 mm. 
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Fig. 2.—Acute cholecystitis. 

A, Sonogram shows multiple sonolucent 
bands (arrows) suggestive of acute edema. This 
so-called striated appearance is relatively spe- 
cific for inflammation. 

B, CT scan shows comparable findings with 
edema present as multiple low-attenuation 
bands (arrows). 

(Modified from Zeman and Burrell [1].) 


Fig. 3.—Gallbladder wall varices. 

A, Transverse sonogram shows intramural 
sonolucency (arrows) of gallbladder wall. Lucen- 
cies have a varicoid appearance. (Reprinted with 
permission from West et al. [9].) 

B, Doppler tracing shows a typical venous 
pattern. 


A 


In chronic cholecystitis, thickening of the gallbladder wall 
occurs in association with a contracted gallbladder. In the 
diagnosis of chronic cholecystitis, the finding of thickening of 
the gallbladder wall is by itself, of limited usefulness, and it 
becomes important only when seen in association with 
stones, when it is, of course, redundant. Other causes of 
focal or diffuse thickening of the gallbladder wall are ade- 
nomyosis and carcinoma. Carcinoma of the gallbladder 
causes thickening of the wall; however, an early, usually 
incidentally detected gallbladder carcinoma most often will 
appear as a focal mass. 

Hepatitis may cause thickening of the gallbladder wall [7]. 
In about half the patients, increased thickness of the gallblad- 
der wall is accompanied by reduced gallbladder volume and 
decreased flow of bile from the liver. As the patient's hepatitis 
improves, the gallbladder wall progressively returns to normal. 

Portal venous hypertension also may cause thickening of 
the gallbladder wall because of venous congestion [8]. At 
times, the veins in the gallbladder wall may actually be rec- 
ognized on conventional (Fig. 3) or color flow Doppler sonog- 
raphy. In patients with ascites, thickening of the gallbladder 
wall may indicate the ascites is due to portal hypertension 
rather than to metastatic disease [10]. In the former, the 
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thickening of the wall is related to venous distension; in the 
latter, the wall should be unaffected. 

AIDS also causes thickening of the gallbladder wall. Histo- 
logic examination of the gallbladder shows no specific patho- 
logic changes. The exact cause of the thickening is unknown, 
although it may be related to hepatic dysfunction. 

The most controversial cause of thickening of the gallblad- 
der wall is hypoalbuminemia. Some authors [11] suggest that 
thickness greater than 3 mm occurs in 60% of patients with 
hypoalbuminemia. 


Biliary Obstruction 
General Principles of Diagnosis 


The three phases of biliary obstruction have been referred 
to as the functional phase, the anatomic phase, and the icteric 
phase [1, 12]. 

In the initial or functional phase, seen after ligation of the 
common bile duct in a cholecystectomized dog, liver enzyme 
levels, including alkaline phosphatase, 5-nucleotidase, and 
aspartate aminotransferase (AST), begin to rise along with 
the bilirubin level but remain in the normal range. Although 
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we do not often image patients this early in the sequence of 
biliary obstruction, it has been shown that °’"Tc-iminodiacetic 
acid (IDA) scintigraphy is highly sensitive and likely to show 
abnormal biliary drainage at the earliest phases of such ob- 
struction [13]. If patients are serendipitously examined in this 
preclinical phase of obstruction, the more sensitive functional 
examinations (cholescintigraphy, Fig. 4) will have abnormal 
results before the tests that show anatomic changes will 
(sonography). 

As obstruction progresses, biliary dilatation can be de- 
tected. This dilatation precedes the onset of jaundice [1] and 
involves the extrahepatic ducts before the intrahepatic ducts. 
Disparate dilatation [14] occurs when extrahepatic ductal 
dilatation occurs in the absence of intrahepatic ductal dilata- 
tion. This may be the result of tamponade of the intrahepatic 
ducts by hepatic parenchyma and of Laplace’s law (the pres- 
sure or bursting force of a sphere or cylinder is proportional 
to its diameter), and thus the maximal effect is seen in the 
larger extrahepatic ducts. 

In the third or icteric phase of biliary obstruction, patients 
are grossly icteric, and the level of bilirubin is greatly elevated. 
The anatomic findings are those of diffuse biliary dilatation. 
These findings occur more rapidly when cholecystectomy has 
been performed previously. 

Partial obstruction does not always lead to total obstruc- 
tion, and so the sequence of functional, anatomic, and icteric 
phases is not always seen. Calculi in the common bile duct 
can impact and disimpact within the duct and can result in 
little change or rapid alteration of the diameter of the duct. In 
cases in which dilatation is not present, scintigraphy may be 
useful [15]. 

In confusing or borderline cases, functional evaluation of 
the biliary tract with cholescintigraphy or sonography after 
cholecystokinin stimulation often is helpful. Cholecystokinin 
stimulates bile flow, and if true obstruction is present, the 
common bile duct will dilate transiently; in normal patients, 
the size of the duct will decrease or remain the same. 

“Biliary obstruction” should not be used interchangeably 
with “biliary dilatation.” Obstruction can be present without 
dilatation early in the course of disease or in cases in which 
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Fig. 4.—Complete obstruction of common bile 
duct with normal-sized ducts. Scintigram ob- 
tained 4 hr after injection of *°"Tc-iminodiacetic 
acid shows good hepatic uptake of radionuclide 
and no evidence of excretion, suggesting com- 
plete obstruction. Study was carried out to 24 hr, 
and no excretion was seen. Sonography showed 
a normal-sized duct, and ERCP showed a small, 
nonobstructing-looking stone, floating freely in a 
normal-sized duct. 


Fig. 5.—Under sonographic guidance, chole- 
cystostomy catheter is placed transhepatically 
via trocar method into gallbladder. (Reprinted 
with permission from McGahan [27].) 


the obstruction is intermittent. This is the case in many 
patients with stones and in some patients with stenosis of 
the sphincter of Oddi. 

Likewise, dilatation can exist without obstruction. This is 
seen in patients who have had enlarged ducts and have had 
surgical decompression or bypass. The duct remains dilated 
despite normal excretory dynamics. Perhaps a loss of elastic- 
ity or autonomic tone of the biliary system occurs, but regard- 
less of the reason, the bile ducts may not return to their 
normal size [16]. Evaluating biliary drainage with cholescintig- 
raphy may be prudent in this group of patients. Establishing 
the diagnosis of recurrent obstruction may require cholangi- 
ography in some postoperative patients. 

Yet another situation in which the clinical significance of 
ductal dilatation must be interpreted carefully is the patient 
who has had a cholecystectomy. In patients who have had 
cholecystectomy, the bile ducts maintain their normal caliber. 
Early studies had suggested that the ducts dilated in response 
to cholecystectomy. Subsequent longitudinal studies of large 
groups of patients undergoing sonography before and after 
cholecystectomy revealed no evidence that this occurs. 


Radiology/Pathology of Selected Causes 


In the neonate, pathologic jaundice is evaluated by sonog- 
raphy and °°"Tc-IDA scintigraphy to detect masses and de- 
termine biliary patency. Biliary atresia, which requires early 
diagnosis and surgical therapy, may mimic neonatal hepatitis 
histologically. Differentiation is made on the basis of findings 
on Tc-IDA scintigraphy, which, in biliary atresia, shows good 
hepatic uptake and absent bowel activity if the patient is 
premedicated with phenobarbital. A misdiagnosis of neonatal 
hepatitis may be made if premedication is inadequate or the 
patient has cystic fibrosis or diarrhea. 

Choledochal cyst is one of a number of hepatobiliary mal- 
formations, not necessarily related (polycystic liver disease, 
congenital hepatic fibrosis, and Caroli disease), that can be 
seen in an older child or adult. Communication between the 
cyst and the biliary tree is ascertained by using Tc-IDA 
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scintigraphy or sonography or by MR demonstration of con- 
tents identical to bile. When a high-grade obstruction is pres- 
ent, Tc-IDA may enter the cyst slowly or not at all. In Caroli 
disease, pathologic studies show a polypoid wail protrusion 
containing a central portal vein and hepatic artery, suggesting 
a developmental abnormality. This correlates with enhancing 
central dots within the dilated bile ducts on CT as distin- 
guished from nonenhancing opacities representing small 
stones [17]. 

In adults, sclerosing cholangitis, AiDS-associated cholan- 
gitis, oriental cholangiohepatitis, cholangiocarcinoma, and 
rare biliary tumors should be considered among the primary 
biliary processes that may cause obstructive jaundice in ad- 
dition to gallbladder carcinoma extending into the common 
bile duct. 

Once causes of secondary cholangitis are excluded, pri- 
mary sclerosing cholangitis is considered when obstructive 
symptoms develop insidiously. In more than 50% of cases, 
the patient has a history of universal, moderate to severe 
ulcerative colitis. Our understanding of the histopathologic 
changes is based on analysis of the intrahepatic ducts from 
hepatectomy specimens in patients undergoing liver trans- 
plantation [18]. We can extrapolate these data to the extra- 
hepatic ducts. Cholangiectasis associated with fibrous crests 
and formation of diverticula, combined with fibrous cholangi- 
tis, ultimately obliterate the ducts. This correlates with the 
nodularity, beadlike strictures, and narrow-necked diverticula 
seen on cholangiography, with correlative findings on sonog- 
raphy and CT. In the differentiation of primary sclerosing 
cholangitis from multifocal/diffuse cholangiocarcinoma, the 
presence of diverticula, fine shaggy nodules, or enhancing 
intraluminal nodules on high-resolution CT; sequential rather 
than synchronous obstruction; and a relative lack of dilatation 
proximal to a high-grade stricture favor primary sclerosing 
cholangitis. Involvement of the gallbladder (15%), cystic duct 
(18%), and pancreatic duct (8%) often is overlooked in this 
disease. 

The clue to AiDS-associated cholangitis is the presence of 
papillary stenosis (i.e., a common bile duct >1 cm in diameter, 
a stricture that may be as short as several millimeters, and a 
delay in drainage of contrast material from the duct) alone or 
in association with findings similar to those of primary scle- 
rosing cholangitis [19]. Sonography is better than CT for 
showing wall thickening in the gallbladder and bile ducts, and 
pericholecystic fluid also may be present. Associated patho- 
logic findings include ulcers of the common duct, inflammatory 
changes in the duodenum, portal fibrosis, and evidence of 
infection with cytomegalovirus, Cryptosporidium, or Myco- 
bacterium avium-intracellularae [20]. 

The pathophysiology of oriental cholangitis is uncertain; 
stones, cholangitis, parasites, and dietetic factors are impli- 
cated. The combination of stones in focally dilated ducts and 
strictures results in recurrent pain, fever, and jaundice. Chol- 
angiography is useful in defining the obstruction, finding resid- 
ual stones, and, postoperatively, evaluating the anastomoses. 
it should be done gently to avoid iatrogenic sepsis, bile 
peritonitis, or hepatic hemorrhage. Sonography or CT is used 
to assess development of an apparent mass, which often 
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represents an abscess or biloma or, rarely, an associated 
carcinoma [21]. When the disease is focal, a low-density 
stone seen on CT could be misconstrued as a tumor with 
focal biliary dilatation. On sonography, casts filling the duct 
could obscure the dilatation, and sludge could be mistaken 
for an intraductal tumor. When segmental obstruction is com- 
plicated by focal pyogenic hepatitis, segmental liver enhance- 
ment may be seen. 

Patients with a slow-growing extrahepatic or central cho- 
langiocarcinoma may have jaundice; 84% of cases involve 
the bifurcation and/or common duct. Among the predisposing 
factors are chronic ulcerative colitis, primary sclerosing cho- 
langitis, and choledochal cyst. The pattern of growth may be 
infiltrative, nodular, or papillary, and the associated desmopla- 
sia accounts for the frequent false-negative results of needle 
biopsy. The main role of the radiologist is to determine the 
proximal extent of the tumor and judge its resectability. Most 
of the tumors are infiltrative with little bulk, and only thickening 
of the wall and abrupt obstruction are seen. Cross-sectional 
imaging studies are useful to search for metastases and 
adenopathy. The overall 5-year survival rate is 5%, but pa- 
tients with papillary tumors in the distal duct have 5-year 
survival rates up to 25%. Transplantation results have been 
discouraging. 


Biliary Intervention 
Emergent Percutaneous Cholecystostomy 


Emergent percutaneous cholecystostomy is useful in treat- 
ment of patients with acute cholecystitis or biliary sepsis. 
Successful percutaneous cholecystostomy was reported just 
10 years ago [22]. Since then, the technique has been per- 
fected, with development of catheter systems especially de- 
signed for placement into the gallbladder (23, 24). The indi- 
cations for emergent percutaneous cholecystostomy are still 
evolving, but clearly the most common are treatment of 
patients with acute cholecystitis or patients with obstruction 
of the common bile duct and cholangitis [25, 26]. 

The technique is relatively simple. The catheter can be 
placed into the gallbladder by using either a trocar method or 
guidewire exchange technique. Sonography often is used to 
guide emergent percutaneous cholecystostomy done via the 
transhepatic route (Fig. 5). The catheter should have some 
sort of securing device to prevent its dislodgement (23, 24]. 

Percutaneous cholecystostomy is an effective alternative 
to surgical cholecystostomy for decompressing the acutely 
inflamed gallbladder (Fig. 6). in high-risk patients, percuta- 
neous cholecystostomy can be a temporizing maneuver to 
allow the patient to stabilize before definitive cholecystos- 
tomy. 

Percutaneous cholecystostomy has several advantages: 
(1) In a large series, it has fewer complications than does 
surgical cholecystostomy. (2) it is extremely expedient: inser- 
tion of the catheter takes only a few minutes. (3) If sonography 
is used to guide placement of the catheter, the procedure can 
be done at the patient’s bedside (this may be extremely 
important in desperately ill, hospitalized patients). (4) Finally, 
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percutaneous cholecystostomy is a definitive treatment in 
some patients with acute acalculous cholecystitis; thus cho- 
lecystostomy can be avoided [25]. 

Emergent percutaneous cholecystostomy also is useful for 
decompressing the biliary system in highly selected patients 
with obstruction of the common bile duct and cholangitis. The 
procedure can be helpful for providing “quick” access to the 
biliary system for temporary decompression before more 
definitive treatment [26]. 

In summary, emergent percutaneous cholecystostomy is 
useful for treating patients with acute cholecystitis or those 
with cholangitis associated with obstruction of the common 
bile duct. 


Percutaneous Contact Dissolution of Gallstones and 
Mechanical Extraction 


Despite leaving an intact gallbladder, removal of gallbladder 
stones appears to decrease gallbladder-related symptoms 
[28]. Numerous options exist for eliminating gallstones 
through a percutaneous tract, including contact dissolution 
[28, 29], mechanical extraction of the stone, and gallstone 
fragmentation and removal [30]. All of these percutaneous 
methods have been effective in a high percentage of cases 
because of proper selection of patients. Advantages of these 
techniques are no need for general anesthesia, rapid recovery 
time, no major scar, and cost-savings (at least in the short 
run). Gallbladder-sparing procedures have the disadvantage 
of leaving behind a diseased gallbladder in which gallstones 
could recur and gallbladder carcinoma could develop. 

Contact dissolution is most applicable for patients with 
symptomatic gallstones, who have a gallbladder that is rea- 
sonably distensible with no or minimal calcium in the stone(s) 
(28, 29]. Although calculi in the cystic duct are more difficult 
to treat, their presence does not exclude contact dissolution. 
Mechanical methods of gallstone extraction can be used even 
if the stones are heavily calcified. 

The main agent for contact dissolution of cholesterol gall- 
stones is methyl tert-butyl ether (MTBE). MTBE is a powerful, 
low-viscosity solvent that is used in its anhydrous state. 
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Fig. 6.—Cholecystostomy used to treat acute 
cholecystitis with obstruction of cystic duct. 

A, CT scan of upper abdomen shows an en- 
larged gallbladder (G) with a thickened wall (ar- 
row). 

B, Cholangiogram obtained 4 days after A, 
after insertion of cholecystostomy catheter, 
shows cystic duct and common bile duct are 
patent. 


Although it has a noxious odor and is potentially flammable, 
its effects on the gallbladder mucosa are relatively minimal 
histologically. Another anticholesterol agent is monooctanoin; 
the high viscosity of this agent has precluded its use in the 
gallbladder. A new agent, ethyl proprionate, is being tested in 
the laboratory; it has many of the advantageous qualities of 
MTBE, but fewer of the adverse properties. Calcium-dissolv- 
ing agents, including EDTA and acetylcysteine compounds, 
have shown some effectiveness but are not in major clinical 
use. 

The gallbladder is catheterized initially through a 5- to 7- 
French tube. The preferred method for placement of the 
catheter is via a transhepatic tract, traversing the bare area 
of the gallbladder; this route simplifies insertion of the catheter 
and may prevent leakage of bile. Locking catheters help to 
avoid dislodgment [31]. 

MTBE is delivered by hand lavage or by pressure- or 
volume-driven pumps. Dissolution usually is accomplished 
within 2-10 hr, depending on the size, number, position, and 
degree of calcification of the stones. Contact dissolution is 
labor intensive, and the instillation and retrieval of MTBE must 
be monitored carefully. When used in proper amounts and 
evacuated thoroughly, MTBE is safe. The solvent should not 
be allowed to spill into the common bile duct; it could be 
absorbed from the duodenum and injure the intestinal mu- 
cosa. 

The only reported major complication from MTBE itself was 
due to loss of a large amount of the agent from the gallbladder; 
this patient had hemolysis with renal failure and became 
semicomatose. In properly selected patients, MTBE has been 
effective in dissolving gallstones in 85-96% of patients [28, 
29]. 

Gallstone fragmentation can be accomplished by a variety 
of methods, each with advantages and disadvantages. Me- 
chanical fragmentation with stone baskets certainly is chea- 
pest, whereas intracorporeal electrohydraulic lithotripsy (EHL) 
is most powerful [30]. Ultrasonic contact lithotripsy has the 
advantage of simultaneous fragmentation and extraction, but 
it can be done only through a rigid scope. Laser fragmentation 
is safest with respect to damage to the mucosa and wall, but 
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it is not as powerful as other contact methods. The laser is 
the most costly instrument. These devices are used through 
cholecystoscopy alone or in combination with fluoroscopic 
guidance. Another method of stone fragmentation is use of a 
rotating blade placed percutaneously into the gallbladder. This 
procedure sucks up stones in a vortex and then fragments 
the stones relatively rapidly. Patients with acute cholecystitis 
or obstruction of the cystic duct are excluded from this 
procedure. Results of this procedure are too preliminary to 
permit meaningful evaluation. 

Anesthesia for percutaneous procedures depends on the 
size of the tract and whether the procedure is performed in 
one step or is delayed. in general, the larger the tract and the 
more expeditious the procedure, the greater the need for 
anesthesia. Thus, for a one-session percutaneous cholecys- 
tolithotomy through a 26-French (or greater) tract, general 
anesthesia is used; on the other hand, for contact dissolution 
with MTBE through a 7-French catheter, only local anesthesia 
and IV sedation and analgesia are necessary. 

Recurrence of gallstones after these percutaneous proce- 
dures should be expected in up to 50% of patients, in accord 
with data from oral dissolution studies. Generally accepted 
rates of recurrence are 10% per year for 5 years and a 
leveling off after 5 years. Recurrence is more common in 
patients with many stones, as opposed to one or few stones. 

Methods of galibladder ablation are being evaluated in the 
laboratory and in clinical studies [32]. In order to ablate the 
galibladder, the bile ducts must be sequestered from the 
gallbladder to ensure that stricture of the common bile duct 
does not result from the sclerosis. Methods to isolate the 
gallbladder via cystic duct exclusion include mechanical clip- 
ping, RF cautery, detachable coils, and glue. Gallbladder 
sclerosants include alcohol, sodium salts, and heated contrast 
material. The combination of RF coagulation and alcohol with 
sodium tetradecy! sulfate sclerosis has been effective in ani- 
mals and has had limited success in its first clinical trial [32]. 

Further experience and refinements are necessary to de- 
cide the role for each of these percutaneous techniques in 
eliminating gallstones. Undoubtedly the patient who is at high 
risk for surgery should benefit most from these alternative 
techniques. 


The Biliary Tree: Endoscopic Intervention 


Endoscopic intervention, performed in conjunction with up- 
per gastrointestinal endoscopy with retrograde cholangiopan- 
creatography, includes such techniques as sphincterotomy 
and forceps biopsy of intraductal mucosal lesions within the 
biliary or pancreatic ducts or of submucosal lesions after 
incision (sphincterotomy) [33]. Additional maneuvers such as 
insertion of a stent or drain are similar to those performed 
percutaneously but do not violate the pleural or peritoneal 
cavities. This reduces risk and eliminates pain but is particu- 
larly important because tract seeding from biopsy or leakage 
of bile during placement of a stent has been shown to 
disseminate cholangiocarcinoma and pancreatic cancer and 
prejudice surgical resection in the 20% of patients who are 
considered candidates for surgery [34]. 
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indications for endoscopic therapy have expanded because 
of its low-risk and noninvasive character, particularly in older 
patients. Endoscopic sphincterotomy (1) gives a permanent 
choledochoduodenostomy, (2) prevents recurrence of gail- 
stone pancreatitis, (3) defunctionalizes the gallbladder, (4) 
allows submucosal biopsy of distal biliary tumors, and (5) 
ensures repeated biliary access. Obstructive cholangitis with 
pancreatitis and galistone pancreatitis require emergent en- 
doscopic therapy, which has reduced the morbidity and mor- 
tality rates of these entities substantially wnen compared with 
the rates for traditional surgical management [35]. Choledo- 
cholithiasis is managed without cholecystectomy because 
only 10% of high-risk patients who had jaundice or cholangitis 
required cholecystectomy after prolonged follow-up. Cur- 
rently, cholecystitis in these patients would be treated with 
surgical resection under local anesthesia or percutaneous 
cholecystostomy. The mortality rate for endoscopic sphinc- 
terotomy (0.5%) is equal to that for cholecystectomy (0.5%) 
and less than that for exploration of the common bile duct 
(1.5%) in low-risk patients, with a vast reduction in pain, 
convalescence, and hospitalization. The use of preoperative 
ERCP with selective endoscopic sphincterotomy combined 
with gallbladder removal during surgery or, preferentially, 
during laparoscopy if necessary, yields the best results [36]. 
This advantage is increased when the patient is at greater 
risk because of the limited stress of uncomplicated endo- 
scopic procedures. 

The endoscopic therapy of pancreatitis and its complica- 
tions, including pseudocyst, duct stenosis, and precipitating 
causes such as anomalous biliary-pancreatic junction, sphinc- 
ter dysfunction, and microcholedocholithiasis, has similar ber- 
efits that are not discussed here (Figs. 7 and 8). 

Malignant biliary obstructions can be treated pailiatively by 
using endostents (plastic or self-expanding metal), sphincter- 
otomy, and brachytherapy. Tumor ablation by injection of 
alcohol or by laser controls bleeding or mass lesions. This 
broad range of treatments emphasizes the need for diagnostic 
precision and careful consideration of therapeutic options. 

When successful cannulation of the duct is not possible, 
the endoscopist may request percutaneous assistance. Com- 
bined percutaneous and endoscopic procedures are valuable 
in overcoming mechanical problems such as a large mass or 
an impassable stenosis. In most instances, a percutaneously 
passed 480-cm guidewire is grasped in the duodenum by the 
endoscopist and withdrawn out of the mouth. The endoscope 
then is passed over the wire, and sphincterotomy or stent 
placement is performed. Alternatively, the stent may be 
passed directly over the wire without use of the endoscope. 
The latter technique allows insertion of large (14-French) 
stents, but no evidence exists that these larger devices are 
more effective, and they may be difficult to exchange because 
of their bulk and stiffness. The immediate withdrawal of the 
percutaneous wire and brief use of only 5-French catheters 
without drainage may limit the bile leakage, tract seeding, and 
pain that complicate percutaneous transhepatic insertion of a 
stent. 

The prudent endoscopist limits efforts when complications 
are likely or defers to a percutaneous or surgical technique 
when indicated. Not infrequently, a diagnostic study reveals 
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Fig. 9.—Drawing shows three types of shock-wave generators that are 
commercially available. 


incurable disease with few therapeutic options. This prognos- 
tic information is particularly important in patients for whom 
only painless palliation is desired. Endoscopic intervention 
provides these options. 


Biliary Lithotripsy 
Technical Considerations 


Since its first use to treat kidney stones, lithotripsy has 
been clinically investigated for treatment of gallstones in more 
than 2000 patients in the United States. The technology has 
evolved from the early spark-gap “bathtub” machines to de- 
vices with more sophisticated power sources that can be 
focused and targeted better. Shock waves are an acoustic 
phenomenon. Their frequency is similar to that produced by 
diagnostic ultrasound transducers. Their waveform, however, 
differs substantially; it has a high-pressure, positive-amplitude 
component and a low-pressure negative-amplitude or rarefac- 
tive component. Peak positive pressures ranging from 300 to 
1200 bar (atmospheres) and negative pressures of —10 to 
—50 bar have been reported [37, 38]. 

There are three means of generating shock waves. Spark- 
gap, electromagnetic, and piezoelectric sources are all com- 
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Fig. 7.—Endoscopic drainage of pseudocyst. 
ERCP of 47-year-old woman referred for treat- 
ment of two pancreatic pseudocysts and a bile 
duct stenosis arising after an episode of gall- 
stone pancreatitis shows a caudal 3-cm pseu- 
docyst (P) arising from an uncinate duct com- 
pressing and obstructing both pancreatic and 
bile ducts (arrow). A 6-French nasal pancreatic 
drainage tube was placed in pancreatic duct, 
decompressing both duct and pseudocyst. Re- 
sidual choledocholiths were removed with a cho- 
ledochoscope via cholecystostomy. 


Fig. 8.—Pancreatic and biliary endoscopic 
stents. After an endoscopic sphincterotomy to 
separate biliary and pancreatic ducts, a 4.5 cm 
x 8 mm Z stent (self-expanding) was placed in 
common bile duct (small arrow). Three pan- 
creatic endostents were placed in pancreatic 
duct to dilate stenosis and ensure pancreatic 
drainage (large arrow). Pseudocysts resolved 
completely with internal pancreatic drainage. 
With gallbladder and biliary tree well decom- 
pressed, cholecystostomy tube was removed. 
After 6 months, pancreatic stents were removed. 


mercially available (Fig. 9). When current is applied to an 
underwater spark-plug gap, a localized steam cloud is cre- 
ated, which expands at supersonic speed. As the expansion 
of this plasma state exceeds the ability of the conducting 
medium (water), a shock-wave front is formed. This front is 
focused by using a metal ellipse and is brought to bear in 
what has been called the F2 focal zone. In the case of a 
Spark-gap device, the electrical discharge actually produces 
a shock wave before focusing. 

Electromagnetic and piezoelectric devices produce high- 
power sound waves that become shockwaves only after 
focusing [39]. Electromagnetic power sources use a slab coil 
adjacent to a metallic membrane. When a voltage is applied 
to the slab coil, it transiently magnetizes the metal membrane, 
causing sudden displacement. This displacement generates 
a high-powered sound wave similar to the mechanism of 
sound generation by a loudspeaker. The sound waves are 
focused by an acoustic lens to create a shock wave. Piezo- 
electric lithotriptors produce shock waves by spatially and 
temporally focusing converging sound waves. The sound 
waves are produced by applying an electric current to a 
piezoelectric crystal similar to that found in diagnostic sono- 
graphic devices. The summation of these individual sound 
waves produces a high-powered shock wave. 

As the technology became refined, the water bath was 
enclosed by a plastic membrane that could be coupled to the 
patient. Biplane fluoroscopic guidance was used to treat 
radiopaque kidney stones. Most vendors added in-line (in the 
plane of the shock-wave focal zone) ultrasound transducers 
for gallstone targeting. In-line ultrasound probes are subject 
to the deleterious effects of shock waves, and a variety of 
schemes for protecting these probes have evolved. Most 
commonly this consists of metal shielding or retraction of the 
probe into a safe position behind the shock-wave focal zone. 
Because of sound attenuation at the water bath-patient 
interface and suboptimal placement of the transducer’s focal 
zone, producing high-quality images for targeting requires 
considerable radiologic skill. 
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Stone fragmentation results from the positive and negative 
pressure components of shock waves. Shock-wave com- 
pressive force is imparted to a stone because of its impedance 
differences from the surrounding tissues or fluids. The com- 
pressive force probably is transmitted internally within the 
stone and is variably attenuated and reflected. This compres- 
sive force appears to open up internal fissures along the 
radially oriented cholesterol plates within gallstones. Although 
fissures and crevices may cross the band of pigment within 
gallstones, these appear more disruptive of shock-wave prop- 
agation than is cholesterol [40]. 

The negative pressure associated with shock waves gives 
rise to cavitation effects. These cavitation effects occur pri- 
marily in the bile or tissue surrounding a gallstone [41]. As 
these biological substances are exposed to negative pres- 
sures, microbubbles are formed. These microbubbles bom- 
bard the surface of a gallstone and cause surface erosion. 
Cavitation effects also are thought to occur in solid tissues 
and may be responsible for hepatocellular injury during gall- 
stone lithotripsy. Currently, this injury does not appear to be 
Clinically significant. 


Clinical Overview 


After the success of renal extracorporeal shock-wave lith- 
otripsy (ESWL), physicians began investigating the use of 
ESWL on gallstones. In 1988, promising biliary ESWL results 
in 175 patients were published by Sackmann et al. [42]; in 
this study fragments had disappeared completely in 30% of 
patients within 2 months of ESWL, in 48% at 2-4 months, in 
63% at 4-8 months, in 78% at 8-12 months, and in 91% at 
12-18 months. The dissolution rate was highest (95%) for 
single radiolucent stones, 20 mm or smaller in diameter. 

The study by Sackmann et al. has become the gold stand- 
ard to which all others are compared. All patients in their 
study received a combination of chemolytic agents, cheno- 
deoxycholic acid and ursodeoxycholic acid. Additionally, a 
modified renal water-bath unit (Dornier HM3) was used and 
general anesthesia was required. 

In trials in the United States and Europe, patients accepted 
for lithotripsy must be symptomatic and have (1) radiolucent 
gallstones that can be detected by sonography and (2) a 
functioning gallbladder as determined by oral cholecystogra- 
phy or sonography. General exclusion criteria include relevant 
defective coagulation, pregnancy, stones in the common bile 
duct, and pigmented stones. Patients who have aneurysm or 
hepatic cysts or hemangioma or have lung tissue in the shock- 
wave path are excluded also. 

Two main factors make the comparison of data difficult: (1) 
the lack of uniformity in presenting data and (2) the technical 
differences between the three different techniques for gener- 
ating shock waves: piezoelectric, electromagnetic, and elec- 
trohydraulic. To augment the initial ESWL procedure, inves- 
tigators may use adjuvant oral chemolysis, perform retreat- 
ments, or both. Most protocols in the United States include 
use of ursodeoxycholic acid for oral chemolysis along with 
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ESWL. However, some investigators [43] have had good 
gallstone clearance rates when using ESWL without oral 
chemolysis. 

Methods of presenting biliary ESWL results vary, but, in 
general, one can look at the stone populations, fragmentation 
rates, retreatment percentages, and stone-free rates in the 
various studies. As far as stone populations are concerned, 
most current protocols restrict the number and size of the 
gallstones or have a limit based on gallstone volume or total 
diameter [42-46]. 

Initial rates of fragmentation range from 76% to 99%, with 
satisfactory fragmentation (i.e., fragments <5 mm) seen in 
22-78% [45]. Several factors affect fragmentation of gali- 
stones, including the volume, number, size, and composition 
of the stones. When corrected for volume, singie gallstones 
are fragmented more easily into pieces 5 mm or less in 
diameter (the initial target size) than are multiple gallstones. 
More shock-wave energy is needed to achieve the same 
results in patients with multiple stones than in patients with 
single stones. With this in mind, the aim of many investigators 
is to pulverize gallstones into 2- to 3-mm fragments. In theory, 
this would clear fragments faster and eliminate or at least 
decrease the need for adjuvant oral chemoiysis. 

Piezoelectric lithotriptors have the highest retreatment 
rates, and electrohydraulic machines have the lowest [45]. 
The treatment strategy for piezoelectric technology involves 
several sessions; theoretically, this can be done either by 
using small amounts or without the use of IV sedation or 
analgesia. Economic considerations, physicians’ time, and 
patients’ compliance will determine the ultimate acceptance 
of the multiple treatment strategy. 

A wide range of stone-free rates have been reported. The 
results vary from 20% to 63% 6 months after treatment and 
from 22% to 83% 12 months after treatment [42-46]. The 
clearance rates in patients with calcified or partially calcified 
gallstones are not as satisfactory; partially calcified or densely 
calcified stones can be fragmented, but the stone-free rate is 
significantly lower than that for radiolucent stones [42, 44]. 

Stone clearance, in part, appears to be directly related to 
the size of the gallstone fragments after lithotripsy [42] and 
the amount of energy used in the fragmentation process: 
patients with fragments 2 mm or smailer in diameter after 
lithotripsy have a higher rate of stone clearance than do 
patients with larger fragments (i.e., =5 mm). 

The reported biliary ESWL studies [43-46] have, in general, 
stone-free rates lower than those seen in the study by Sack- 
mann et al. [42]. The group at the Grosshadern Klinikum [44] 
and other European investigators who used more shock- 
wave energy (i.e., increased number of shock waves at a 
higher kilovoltage) have a better fragmentation rate and in- 
creased stone clearance at 6 months than do groups that use 
treatment parameters similar to those used in the United 
States. We think that if increased shock-wave energy were 
used, the efficacy of biliary ESWL in the United States would 
be similar to that in Germany. This procedure is still in its 
infancy when compared with other long-established methods 
of gallstone therapy. As our knowledge of the procedure 
grows, the efficacy of the procedure will most likely increase. 





Fig. 10.—Cholangiogram from laparoscopic cho- 
lecystectomy shows upper and lower central trocars 
(through which laparoscope passes) centrally (open 
arrows), a smaller trocar in flank (arrowhead), and a 
forceps (curved arrow) through site of a second 
trocar in flank. Common bile duct and gallbladder 
are opacified. (Courtesy of C. Elton Cahow.) 


Evolving Issues 

Before considering some of the unsettled issues in the area 
of biliary lithotripsy, it is important to consider the facts that 
appear to be well established. The current generation of biliary 
lithotriptors is clearly capable of fragmenting the vast majority 
of gallstones [47]. Further, it is clear that if the size of the 
fragments can be reduced to less than 3 mm, a high propor- 
tion of these patients (>70%) will become fragment-free within 
6-12 months. Furthermore, it has become clear that biliary 
lithotripsy is a remarkably safe procedure with essentially no 
adverse effects from the shock waves themselves [48]. The 
only significant complications occur as a result of passage of 
fragments through the cystic and common bile ducts. The 
most serious and frequent of these complications appears to 
be acute pancreatitis. 

Laparoscopic cholecystectomy.—At this time, the major 
turmoil in lithotripsy research has been caused by the devel- 
opment of the laparoscopic cholecystectomy [49], with its 
promise of same-day, definitive treatment without the need 
for hospitalization, abdominal scarring, or bile salts (Fig. 10). 
This technique is being adopted aggressively by surgeons 
worldwide, even though virtually no scientific publications are 
available on its efficacy and short- or long-term complications. 
These surgeons have raised the question of whether litho- 
tripsy will be useful, now that laparoscopic cholecystectomy 
is available. This question remains unanswered, and the 
answer will depend on the success rate and complication rate 
of the new surgical procedure as its use becomes widespread. 
It is quite possible, if not likely, that a group of gallstone 
patients will remain who will choose noninvasive lithotripsy as 
the best treatment. 

Optimization of lithotripsy treatment regimens.—Clinical 
studies to date have adopted somewhat arbitrarily their treat- 
ments regimens. The optimization of treatment involves some 
obvious considerations such as energy deposited within the 
Stones. In general, this is related to the product of the number 
of shock waves and their energy. However, a number of other 
less-obvious factors have not been adequately explored. 
These include the accuracy of targeting [50], the frequency 


Fig. 11.—Hidden-fragment phenomenon. 

A, Sonogram obtained during lithotripsy shows cloud of dust due to fragments. Discrete large 
fragments cannot be identified. 

B, Sonogram obtained 1 day after A shows two large fragments that could not be identified 
during lithotripsy. 


of retreatment, and the direction of shock-wave entry. It is by 
no means clear that the results reported so far have used 
similar treatment regimens. 

Importance of imaging.—The importance of sonographic 
imaging has not been appreciated adequately with regard to 
its role in the performance and follow-up of lithotripsy. It is 
becoming clear that the cloud of dust caused by swirling 
fragments during treatment obscures larger fragments, giving 
a false impression of successful treatment (Fig. 11). Sonog- 
raphy the next day shows the larger fragments after the dust 
has settled (Fig. 10B). Furthermore, it has been shown that 
the evaluation of the size and the number of fragments after 
lithotripsy is complicated by the tendency of smaller fragments 
to clump and simulate large fragments. This has led to the 
Suggestion that the patient be rolled over in an attempt to 
disperse the fragments so that number and size of stones 
can be measured more accurately [51]. 

Role of bile salts.—Most studies have concluded that bile 
Salts are necessary for optimal clearance of gallstone frag- 
ments. Certainly, in the Dornier National Biliary Lithotripsy 
Study, this was the conclusion. However, closer analysis of 
those results suggests that when fragments were reduced to 
3 mm or smaller, little difference was seen between the 
placebo group and the bile-salt group. This raises the possi- 
bility that bile salts may not be necessary in those patients 
who have very small fragments, particularly if they have good 
gallbladder contraction. Certainly, additional work is required 
in this area, because the omission of bile salt therapy would 
reduce substantially the overall cost of these treatments. 

Stone recurrence.—As expected, it seems that stones will 
recur in patients who have become stone-free, at a rate of 
approximately 10% per decade up to a maximum of approx- 
imately 50% [42]. The original hope was that these recur- 
rences would be easily treated with oral bile salts. Unfortu- 
nately, this appears not to be the case. Certainly, much work 
must be done to develop strategies for preventing recurrence 
of stones or an effective means of early treatment of recur- 
rence. 

During the next few years, the role of laparoscopic chole- 
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cystectomy and its safety will need to be assessed as its use 
becomes more common. Basic research in lithotripsy should 
be aimed at determining the optimal treatment strategy not 
only with regard to energy levels but also fractionation, tar- 
geting, and characteristics of the shock wave. A more precise 
role for oral bile salts must be determined. Are they needed 
in every case or only in selected cases? The recurrence rate 
of gallstones remains an important problem, and, in particular, 
the treatment of recurrent stones must receive further consid- 
eration. 
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Laparoscopic Cholecystectomy: Evolution, Early Results, 
and Impact on Nonsurgical Gallstone Therapies 


Jeffrey C. Brandon,’ Miguel A. Velez,? Steven K. Teplick,? Peter R. Mueller,* David W. Rattner,” 
J. Ralph Broadwater, Jr.,° Nicholas P. Lang,° and John F. Eidt® 


Laparoscopic cholecystectomy, a surgical technique first per- 
formed in France, has gained widespread acceptance among 
surgeons in the United States. The abdominal cavity is inflated 
by carbon dioxide, a video monitor is inserted via a laparoscope 
placed periumbilically, and the gallbladder is freed and removed 
from the liver bed by using small subcostal ports for access and 
dissection. Intraoperative cholangiography is routinely per- 
formed, but uncertainty exists about how best to manage choled- 
ocholithiasis. Compared with traditional cholecystectomy, initial 
reports describing laparoscopic cholecystectomy cite shorter re- 
covery times because no large incisions are made, thus poten- 
tially reducing the cost and morbidity of cholecystectomy. A 
survey of 614 early cases supports these claims, with a reported 
complication rate of 1.5% and quick resumption of normal activi- 
ties by patients. Because of its promise for reduced morbidity, 
laparoscopic cholecystectomy is challenging open cholecystec- 
tomy as the therapeutic gold standard for symptomatic choleli- 
thiasis. 

Thus, the standard to which the nonsurgical gallstone thera- 
pies, such as lithotripsy and contact dissolution, will be compared 
may shift to laparoscopic cholecystectomy. As the laparoscopic 
complications are similar to those of traditional cholecystectomy, 
such as abscesses and bile leaks, their percutaneous treatment 
should not change. 


Continuing advances in nonsurgical methods of treating 
gallstones have expanded the options available for treating 
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patients with symptomatic cholelithiasis. Oral bile acid ther- 
apy, biliary lithotripsy, contact gallstone dissolution, and frag- 
mentation by a variety of devices all have varying degrees of 
success. However, many of the methods are still in their 
infancy; few studies have been completed that clearly define 
their roles. At present, traditional cholecystectomy remains 
the gold standard, both because it virtually eliminates gal- 
stone recurrence and because of its documented safety. 
Surgeons, borrowing from the extensive gynecologic experi- 
ence with the laparoscope, have recently developed a lapa- 
roscopic method of removing the gallbladder that incorporates 
many of the advantages of percutaneous techniques into the 
traditional surgical approach. In this report, we describe the 
technical evolution and current status of laparoscopic chole- 
cystectomy and discuss its possible implications on both 
imaging and the nonsurgical methods of gallstone therapy. 


Historical Perspective 


Laparoscopic cholecystectomy was first performed in 1987 
in Lyon, France, by Mouret. In 1988, Dubois et ai. [1] reported 
using this technique on 36 patients. In 1989, Saye and 
McKernan successfully completed the first laparoscopic cho- 
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lecystectomy in the United States, and, in the same year, 
Reddick et al. [2, 3] described their initial series of 25 patients 
in whom laser laparoscopic techniques were used to remove 
the gallbladder. These and subsequent series, including one 
report of more than 300 cases, support the initial reports of 
decreased morbidity and reduced time of hospitalization with 
laparoscopic as opposed to traditional cholecystectomy [2, 
4-7]. 


Selection and Preparation of Patients 


When laparoscopic cholecystectomy was first performed, 
only patients who were good surgical risks, with nonacute 
disease and no prior abdominal surgeries, were selected for 
the procedure [1, 2, 8]. However, as experience was gained, 
the pool of patients expanded to encompass those who were 
otherwise candidates for conventional cholecystectomy, and 
some surgeons included patients who had acute disease [7, 
9}. Current absolute contraindications are peritonitis, which 
could be aggravated by the laparoscopic technique, and 
pregnancy, because of reduced intraperitoneal space and 
possible untoward fetal effects due to the maternal hypercap- 
nia caused by CO: insufflation of the abdomen [1, 2, 7, 8]. 
Relative contraindications are extensive adhesions from prior 
upper abdominal surgery, which hinder insufflation of the 
peritoneal cavity, and extreme obesity, because the instru- 
ments used may not be long enough to reach the gallbladder 
bed [3, 4]. Choledocholithiasis also has been considered a 
relative contraindication to the procedure because of the 
difficulty of laparoscopically removing stones in the common 
bile duct [3, 5]. However, newly developed instruments are 
useful for exploration of and stone retrieval from the common 
bile duct. Preoperative ERCP is not routinely performed but 
can be used to remove stones in the common bile duct before 
laparoscopic cholecystectomy. 


Operative Technique 


While under general endotracheal anesthesia, the patient’s 
abdominal cavity is insufflated to a pressure of 12-14 mm Hg 
(1.6-1.9 kPa) with 3-4 | of CO: through a 1-cm periumbilical 
incision. A laparoscope connected to a video monitor is then 
introduced through this incision to assist in accurate place- 
ment of three additional 5-mm to 10-mm subcostal cannulas 
evenly spaced from the midline to the right anterior axillary 
line. With the help of an assistant, subsequent manipulations 
are performed entirely through these four ports, with videos- 
copic guidance provided by the laparoscope. Blunt dissection 
is used to isolate the cystic duct and cystic artery. The cystic 
artery is double clipped and divided. Many surgeons then 
routinely perform cholangiography by clipping the cystic duct 
proximal to its junction with the common bile duct and insert- 
ing a small catheter into the cystic duct through a small distal 
incision. When the anatomy is clearly defined after cholangi- 
ography, the cystic duct is then double clipped and ligated, 
and the gallbladder is dissected free from the liver bed by 
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using either electrocautery or a laser for cutting and hemosta- 
sis. Should the gallbladder be inadvertently perforated, the 
area is Closed with either a clip or suture, and any spilled 
contents are irrigated and suctioned and/or retrieved through 
one of the ports. 

Once the gallbladder is dissected free from the liver, the 
laparoscope is usualy switched to another port, and the 
gallbladder is pulled through the umbilical site, neck first, with 
a forceps. Stones too large to squeeze through this site are 
crushed and retrieved through the gallbladder neck as it is 
being pulled out of the abdomen. Occasionally, it is necessary 
to widen the incision to facilitate delivery of the gallbladder. 
Drains can be placed through the subcostal ports, but are 
infrequently used. The CO; is subsequently expelled through 
the ports by opening the cannulas, and the skin incisions are 
then closed with subcuticular absorbable sutures and sterile 
adhesive tape. Only in the umbilical site is an absorbable 
fascial suture placed to prevent subsequent herniation. 


Postoperative Care 


Nasogastric tubes and Foley catheters are used if a lengthy 
procedure is anticipated, but their routine use may not be 
necessary. Clear liquid feedings are begun the afternoon or 
evening after the procedure. Postoperatively, mild nausea, 
pain in the right shoulder, and abdominal cramping are not 
unusual, but typically subside quickly. Initially, patients were 
hospitalized overnight for observation, but many are now 
being discharged on the same day as the procedure was 
done [2, 6]. Most patients who remain hospitalized do so 
because of persistent abdominal or shoulder pain that is 
usually well controlled with mildly narcotic analgesic agents. 


Results 


No randomized, prospective study comparing the morbidity 
and mortality rates of laparoscopic vs open cholecystectomy 
has been reported. However, the Society of American Gas- 
trointestinal Endoscopic Surgeons is coordinating a prospec- 
tive, international, multicenter data collection effort enlisting 
the results of at least 2000 consecutive patients (Saltzman 
B, personal communication). Until these results are released, 
the efficacy of laparoscopic cholecystectomy can only be 
inferred from retrospective studies currently in print or in 
press, Nevertheless, laparoscopic cholecystectomy has been 
successful in almost all reports. In five large series (Table 1), 
4% of patients had open cholecystectomy after laparoscopic 
attempts; two thirds of these conversions were done because 
hemorrhage or an extensively inflamed or gangrenous gall- 
bladder was encountered. Most of these conversions oc- 
curred early in the surgeons’ experience. Only nine compli- 
cations (1.5%) occurred in 614 patients; these included pain 
requiring readmission, umbilical cellulitis, or perihepatic fluid 
collections (managed nonsurgically), and one death (a post- 
operative myocardial infarction in an 80-year-old man). This 
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TABLE 1: Rates of Conversion from Laparoscopic to Open 
Cholecystectomy 





| Reported Series No. of Patients _No. of conversions (%) 
Daly? 250 12 (5) 
Corbitt [6] 200 6 (3) 
Dubois et al. [1] 39 4 (10) 
Velez et al. [5] 100 4 (4) 
Reddick and Olsen [7}° 25 0 (0) 
Total 614 26 (4) 





Note.—-Laparoscopic cholecystectomy converted to an open cholecystec- 
tomy for control of hemorrhage, or on encountering impacted calculi in common 
bile duct, dense adhesions, or acutely inflamed, gangrenous gallbiadders. 

“Daly CJ, poster presented at the American College of Surgeons 76th 
Clinical Congress, October 1990. 

P Conversion data not published on subsequent patients in that study. 


complication rate is biased by the criteria used to select 
patients, because four of the five investigators initially enrolled 
patients without acute cholecystitis who were good surgical 
candidates without prior abdominal surgery or evidence of 
choledocholithiasis. With experience, these groups have ex- 
panded selection of patients to include virtually all patients 
who were otherwise candidates for the open procedure. 

Reddick et al., in a prospective nonrandomized study on 
25 nonacute patients without prior upper abdominal surgery, 
compared laparoscopic cholecystectomy with the muscle- 
sparing “mini-cholecystectomy.” He found a reduction in both 
the postoperative hospital stay (1.96 days vs 2.80 days) and 
ability to return to work (6.5 days vs 34 days) for those 
undergoing laparoscopic cholecystectomy [3]. Although no 
mention was made of cost, fewer hospitalization days and a 
more rapid return to work should have a beneficial economic 
impact. 

Reddick and Olsen [7], in their first 125 patients, also 
showed that a learning curve exists for surgeons performing 
laparoscopic cholecystectomy. The first 25 patients required 
2 days of hospitalization and returned to work in 7 days, on 
average, whereas patients 100-125 had significantly reduced 
times of hospitalization and recuperation (1 day and 4 days, 
respectively). In a separate study, Zucker et al. (presented at 
the annual meeting of the Society for Surgery of the Alimen- 
tary Tract, May 1989) described a higher prevalence of bile 
duct injuries during the surgeons’ learning phase. These 
results parallel ours and those reported in other large series 
(Daly CJ, poster presented at the American College of Sur- 
geons 76th Clinical Congress, October 1990). 

The most recent retrospective report, describing more than 
five decades of experience with open cholecystectomy per- 
formed at one institution on over 10,000 patients, cites an 
overall mortality rate of 0.6% [10]. The mortality rate rose to 
1.2% for patients with acute disease and to 4.5% for patients 
more than 65 years old. Other large series cite a major 
morbidity rate of about 5%, most commonly caused by car- 
diovascular or pulmonary disease, and less often by sepsis 
or surgically related incidents in the wound or subhepatic 
regions [11-14]. Higher risks prevail in the elderly. Although 
the figures vary, depending on the source, this type of data 
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will serve as the standard with which laparoscopic cholecys- 
tectomy can be compared. 

Because laparoscopic cholecystectomy is a minimally in- 
vasive procedure performed percutaneously, it has many of 
the advantages familiar to radiologists experienced in biliary 
intervention. The absence of any significant muscie-splitting 
incision, the reduced hospitalization time, and the early re- 
sumption of nearly normal activity have both cosmetic and 
economic appeal when compared with open cholecystec- 
tomy. Laparoscopic patients typically resume normal work 
activities within 1 week of surgery rather than the 5-6 weeks 
or more necessary for mini-cholecystectomy or traditional 
cholecystectomy [7, 15]. 

A certain degree of morbidity is associated with laparos- 
copy itself. Every 3 years, the American Association of Gyne- 
cological Laparoscopists surveys its members to report their 
experience with diagnostic and operative laparoscopy [16, 
17]. Despite the deficiencies of this type of survey, its results 
provide useful insights into this procedure. in the 3 years 
before August 15, 1989, 41,160 diagnostic laparoscopies 
were reported, of which 94% were performed with the patient 
under general anesthesia. Complications requiring conversion 
to laparotomy occurred in 0.31%, with two deaths [16]. In 
36,928 operative laparoscopies for the management of en- 
dometrial implants, ovarian cysts, or adhesions; for uterosa- 
cral nerve ablation; for myomectomy; or for the treatment of 
ectopic pregnancy, hydrosalpinx, or pelvic abscess; compli- 
cations developed in 1.25% of cases (excluding persistent 
elevations of beta human chorionic gonadotropin levels for 
those with ectopic pregnancies) [17]. More than half of these 
were extended hospitalizations or readmissions, with a 0.42% 
rate of conversion to laparotomy for hemorrhage or injuries 
to the bowel or urinary system, which often occur when the 
abdominal cavity is initially pierced. Two deaths were re- 
ported. Comparable outcomes have been reported by other 
clinicians performing invasive laparoscopy [18-22]. The pre- 
liminary laparoscopic cholecystectomy results show a higher 
rate of conversion to laparotomy than is seen in the gyneco- 
logical literature, but most of those procedures that were 
converted were done early in the surgeons’ series and prob- 
ably would not have had to be converted if the surgeon had 
been more experienced. The 1.5% complication rate de- 
scribed here parallels the rate in the gynecological reports, 
but may rise as more elderly patients, patients with acute 
disease or patients with disease of the common bile duct, are 
treated. 


Training 


Currently, no specific credentialing criteria are required for 
physicians performing laparoscopic cholecystectomy. in gen- 
eral, it is considered an extension of currently availabie tech- 
niques. However, laparoscopy and laser surgical techniques 
are infrequently taught in most general surgicai training pro- 
grams in the United States. In order to fill this void, courses 
were created offering 1 day of classroom instruction and 1 or 
2 days of hands-on experience with live pigs. ideally, graduate 
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surgeons are then proctored by an experienced laparoscopist 
for subsequent cases, the number being set according to 
local hospital standards. If lasers are used, surgeons must 
conform to rules established by the laser committee of the 
participating institution because of the additional expertise 
required to operate these instruments safely. Guidelines for 
physicians performing laparoscopic cholecystectomy have 
been outlined in the following statement by the American 
College of Surgeons [23]: 


For optimal quality patient care, laparoscopic 
cholecystectomy should be performed by sur- 
geons who are qualified to perform open chole- 
cystectomy. Only such surgeons possess the 
skills to perform biliary tract surgical procedures; 
such surgeons are able to determine the best 
method of cholecystectomy; and only such sur- 
geons can treat complications consequent to la- 
paroscopic cholecystectomy. 


Choledocholithiasis 


Uncertainty exists about how to treat patients who have 
stones in the common bile duct. Preoperative endoscopic 
sphincterotomy with stone extraction is recommended by 
some surgeons. Other treatment options that have been 
proposed are laparoscopic or open exploration of the common 
bile duct, postoperative endoscopic or percutaneous man- 
agement with contact dissolution, basket extraction, extra- 
corporeal lithotripsy, or placement of a T tube or similar 
drainage catheter with subsequent percutaneous manage- 
ment. Several flexible ureteroscopes and choledochoscopes 
and balloon catheters are currently available or under devel- 
opment to assist the surgeon who encounters stones in the 
common bile duct. Selecting a strategy will depend heavily on 
the expertise available locally. 


Impact on Nonsurgical Techniques and Imaging 


The recent development of several nonsurgical approaches 
for the treatment of cholelithiasis has made it increasingly 
difficult to choose the most appropriate method for each 
patient. Concern for diminished morbidity is compounded by 
growing interest in outcome analysis in terms of cost and 
relief of symptoms. Moreover, informed consent requires that 
patients have knowledge of all current therapeutic options 
and their relative success rates and morbidity, thus influencing 
the decision-making process. To propose a strategy encom- 
passing these factors is beyond the scope of this paper and 
would be premature because most of these questions remain 
unanswered. However, if laparoscopic cholecystectomy 
largely replaces open cholecystectomy, it seems reasonable 
that the standard with which the nonsurgical techniques will 
be compared will merely shift to laparoscopic cholecystec- 
tomy. 

One way to assess the merits of all the methods of man- 
aging gaiistone disease is to evaluate their comparative effec- 
tiveness. The newest oral bile acid, ursodeoxycholic acid, is 
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successful in dissolving about 40% of radiolucent gallstones 
less than 2 cm in diameter in 1 year, on average, with better 
results for floating stones [24-26]. For extracorporeal litho- 
tripsy, success varies from about 35% after 6 months in the 
largest American experience for patients with a single radio- 
lucent stone less than 2 mm in diameter who are concomi- 
tantly undergoing oral ursodeoxycholic bile acid therapy, to 
about 70% for similar stones as reported by Sauerbruch et 
al. [27], who used a different lithotriptor and combined cheno- 
deoxycholic and ursodeoxycholic oral bile acid therapy [27- 
29]. However, only 10-15% of patients with symptomatic 
gallstones have such a stone burden. Percutaneous cathe- 
terization and methyl tert-butyl ether (MTBE) instillation dis- 
solves any number of cholesterol stones and large fragments 
in 95% of cases, with complete clearing of all debris in 48% 
in 6-35 months [30]. Percutaneous cholecystolithotomy can 
remove all stones of any type and number in 90% of patients 
[31]. But any kind of catheterization requires initial hospitali- 
zation, and all nonsurgical methods must address the problem 
of stone recurrence, because the gallbladder remains in place. 

The future of radiologic management of gallstones depends 
on improvement of the efficacy of gallstone clearance, such 
as that provided by lithotripsy, coupled with a reproducible 
and safe technique of cystic duct occlusion and gallbladder 
ablation. The studies by Becker et al. [32] on gallbladder 
ablation may give some direction for the future of techniques 
that eliminate gallstones, but prolonged catheterization is still 
required. Only by perfecting a method to ablate the gallbladder 
in a single session without subsequent catheterization would 
percutaneous gallbladder procedures approach the low hos- 
pitalization and convalescent times of laparoscopic cholecys- 
tectomy. 

As with open cholecystectomy, patients having laparos- 
copic cholecystectomy will show free air during intraoperative 
cholangiography and on postoperative films. Its persistence, 
however, may herald intestinal injury. Anecdotal reports have 
surfaced that describe burns to abdominal viscera from either 
electrical arcing caused by improper grounding of the patient 
to electrocautery devices or by misguided laser pulses. Some 
of the surgical cholangiographic catheters being developed 
have anchoring balloons, which can mimic ductal stones when 
inflated. Because the gallbladder is dissected in much the 
same manner during laparoscopic cholecystectomy as it is 
when the open approach is used, percutaneous intervention 
for subsequent complications such as abscess or bile leakage 
should not change. 


Conclusions 


Laparoscopic cholecystectomy is an operative technique 
that removes the gallbladder without a muscle-splitting inci- 
sion and requires minimal hospitalization and convalescence. 
Oral bile acid therapy, extracorporeal lithotripsy, and contact 
dissolution with MTBE and/or percutaneous basket extrac- 
tion all suffer from the problem of stone recurrence but can 
be performed without general anesthesia. Unlike open chole- 
cystectomy, the preliminary data suggest that morbidity and 
mortality rates are lower in patients undergoing laparoscopic 
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cholecystectomy and that this procedure may replace tradi- 
tional cholecystectomy as the gold standard with which the 
other gallstone therapies are compared. 
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Commentary 





A Surgeon’s Perspective on Laparoscopic 


Cholecystectomy 


David W. Easter' 


The “laparoscopic cholecystectomy revolution” continues 
to gain momentum. The pace of its nearly complete accep- 
tance by the medical and lay publics alike has been truly 
astounding. It is only natural that after the initial flood of 
enthusiasm crests, one attempts to view this new modification 
of an old operation in its proper perspective. This is the 
motivation and objective of the preceding article by Brandon 
et al. [1]. 

The authors have certainly chosen a timely subject, and 
they have done well to give us their views with the scant data 
available. Their first objective, to describe the history and 
evolution of laparoscopic cholecystectomy, warrants some 
expansion and clarifications. 

French surgeons were the first to perform successful la- 
paroscopic removal of the gallbladder, as stated by Brandon 
et al. This method evolved from the truly pioneering work of 
Kurt Semm and his group in obstetrics and gynecology. The 
application of these methods of exposure, retraction, dissec- 
tion, ligature, and resection of pelvic tissues to biliary disease 
was a natural, if delayed, sharing of technologies between 
specialists. Furthermore, the diagnostic value of laparoscopic 
assessment of biliary disease antedated therapeutic biliary 
laparoscopy by at least 60 years [2]. Few surgeons recog- 
nized this valuable tool before the wildfire of laparoscopic 
cholecystectomy. But, as early as 1988, surgeons were prac- 
ticing methods of laparoscopic gallbladder cannulation, ex- 
traction of stones, and mucosal ablation techniques [3]— 
clear forerunners of the current methods. 


This article is a commentary on the preceding article by Brandon et al. 


The data available to date are certainly favorable to this 
new procedure when compared with the gold standard of 
open cholecystectomy. However, one must remember that 
the experiences reported to date are not only those of enthu- 
siasts in the field of “minimal access surgery.” but those of 
very skilled surgeons who have, through natural selection if 
you will, been in the vanguard of this dramatic revolution. it 
can be expected that when undertaken by the leagues of 
enthusiastic but less-experienced general surgeons, inferior 
results will occur. This projection will await the reports of 
prospective trials, such as those being conducted by the 
Society of American Gastrointestinal Endoscopic Surgeons 
(Los Angeles, CA), and possibly randomizec prospective 
studies. But, unbiased randomization of patients into treat- 
ment groups with such different outcomes (at least in terms 
of postoperative comfort and recovery) may not be possibie. 

With most surgical procedures, there are often as many 
variations as there are surgeons. Many surgeons would differ 
with some of the techniques reported by Brandon et al. A few 
of my preferences follow. 

Operative cholangiography should be routine for both open 
and laparoscopic cholecystectomy. There are many reasons 
for this view, including the possibility of finding incidental 
stones in the common bile duct. The most important reason, 
however, is to identify the structures to be ligated and divided 
before irreparable damage is caused. Cholangiography is a 
critical adjunct to visual inspection, especially for the beginner 
in laparoscopic techniques, in which perspectives are dra- 
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matically altered. Furthermore, cholangiography gives the 
best chance of recognizing injuries when they occur. Early 
recognition of such complications is crucial to their successful 
management. 

Routine laparoscopic cholangiography also is critical if sur- 
geons are to become sufficiently skilled to perform cholangi- 
ography when required by the clinical situation. Furthermore, 
these skills are the natural first step toward laparoscopic 
exploration of the common bile duct—a procedure already 
being practiced by some experienced surgeons. 

There are many options for dealing with stones in the 
common bile duct. My preference for known or suspected 
choiedocholithiasis (such as the unusual case detected by 
sonography), is to clear the stones endoscopically on the day 
before planned laparoscopic cholecystectomy. The patient 
who recovers quickly (as expected) from an episode of gall- 
stone pancreatitis does not require preoperative endoscopic 
cholangiography. 

If tiny stones are found during operative cholangiography, 
an attempt is made to wash the “gravel” through the sphincter 
of Oddi with saline irrigation through the cystic duct catheter. 
A second set of films will often show clearance of the common 
bile duct. If the common bile duct is of normal caliber and 
residual stones are trivial in size, | recommend completing the 
cholecystectomy and endoscopically clearing the duct in the 
first few days after surgery. Finally, if stones are substantial 
in number or size, or if the bile duct is enlarged, “open” 
exploration of the common bile duct is warranted. As we gain 
further experience with laparoscopic methods, options for 
dealing with this particular problem will certainly increase. 

The use of laser energy for dissection and hemostasis by 
the inexperienced laparoscopic surgeon adds unnecessary 
hazards. We have recently had 10 referrals to our hospital for 
surgical reconstruction of laparoscopic injuries to the common 
bile duct and hepatic ducts. Nine of these injuries were clearly 
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associated with laser dissection. The tenth was questionably 
so. We think that laser dissection should be evaluated on its 
own merit separately from laparoscopic techniques, and 
moreover should not be performed by surgeons inexperi- 
enced in laparoscopy [4] (Moossa AR, Easter DW, unpub- 
lished data). This caution should lower the chance of bile duct 
injury during the learning curve with this new technique. 

The beginning laparoscopist should be proctored by one 
who already has training and significant experience with both 
laparoscopy and open cholecystectomy. Experience has no 
equal when a difficult or unexpected situation is encountered 
in the operating room. 

Finally, special emphasis should be placed on informed 
consent. Every patient must understand the very real possi- 
bility of conversion to an open procedure. Conversion to open 
cholecystectomy should not be viewed as a failure of the 
laparoscopic methods, but rather as an intraoperative deci- 
sion meant to minimize risk to the patient. 

in the past 10 years, the medical community has witnessed 
significant advances in the alternatives for dealing with biliary 
calculi. With experience, we will learn which options are best 
for which patients. | eagerly await the objective comparison 
of laparoscopic cholecystectomy with conventional cholecys- 
tectomy and the alternative treatment methods available. 
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Characterization of Tumor Hypoxia by °'P MR 


Spectroscopy 


R. Grant Steen’ 


Tumor hypoxia is of considerable importance to the oncologist 
in selecting and optimizing cancer therapy, because hypoxia can 
determine the effectiveness of various therapies. The relationship 
between tumor hypoxia and tumor bioenergetics, assessed by 
“P MR spectroscopy, is examined to determine whether °P MR 
spectroscopy can be clinically useful to measure or characterize 
tumor hypoxia. 

Work with experimental tumors has suggested that several 
different types of hypoxia may exist and that °'P MR spectroscopy 
cannot be used to characterize all types. Metabolic hypoxia is 
the level of hypoxia that results in mitochondrial impairment in 
cells, and it is associated with declining cellular bioenergetic 
status, which can be measured by enzymatic assay of adenosine 
triphosphate (ATP). Because *'P MR spectroscopy is sensitive to 
levels of ATP, it is potentially sensitive to metabolic hypoxia in 
vivo and may provide a rapid and noninvasive technique for 
characterizing metabolic hypoxia in tumors. Radiobiologic hy- 
poxia is the level of hypoxia that results in attenuated cell death 
due to radiation, because radiotoxicity is directly related to tissue 
levels of oxygen. Radiobiologic hypoxia of tumors thus has more 
impact on choice of therapy, yet the relationship between meta- 
bolic hypoxia and radiobiologic hypoxia remains to be elucidated. 

An analysis of published data suggests that °'P MR spectros- 
copy is directly sensitive to metabolic hypoxia in tumors, but it is 
only indirectly sensitive to radiobiologic hypoxia in tumors. There- 
fore, P MR spectroscopy may be unable to quantify the cell 
fraction of a tumor that has radiobiologic hypoxia. However, 
preliminary data suggest that MR spectroscopy may prove useful 
for determining the effectiveness of therapeutic interventions 
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designed to manipulate radiobiologic hypoxia in tumors or for 
monitoring the kinetics of tumor reoxygenation after treatment. 


Knowledge of the extent of hypoxia within a tumor could 
be of substantial clinical importance to the oncologist in 
selecting and optimizing cancer therapy. Hypoxic cells within 
a tumor are more resistant to radiotherapy because radiotox- 
icity is directly related to levels of oxygen in tissue [1]. Hypoxic 
cells are also more likely to be resistant to many forms of 
chemotherapy because most drugs have poor access to 
hypoxic cells [2]. Recent evidence further suggests that tumor 
hypoxia can modulate synthesis of certain oxygen-requiated 
proteins [3], depress the activity of mitochondrial enzymes 
involved in energy production [4], enhance the frequency of 
methotrexate resistance by inducing gene amplification [5], 
and enhance metastatic potential of murine tumor cells [6]. A 
rapid and accurate method of assessing tumor hypoxia could 
permit a more rational choice of therapy and may allow 
monitoring or prediction of tumor response to treatment. 

MR spectroscopy can provide in vivo information about a 
number of biologically important isotopes, such as hydrogen- 
1, carbon-13, sodium-23, nitrogen-15, and phosphorus-31 
[7]. P is a 100% naturally abundant isotope present in 
measurable concentration in only a few metabolites, but these 


This work was supported in part by a Biomedical Research Support Grant (RR-05432) and an American Cancer Society institutional Grant (N-26-31). 
Departments of Radiology (RC-05) and Bioengineering, University of Washington School of Medicine, Seattle, WA 98195. Address reprint requests to R.G, 


Steen. 


AJR 157:243-248, August 1991 0361-803X/91/1572-0243 © American Roentgen Ray Society 


244 STEEN 


metabolites are the critical bioenergetic intermediates in all 
living tissues. Tumor response to therapy has been monitored 
by “P MR spectroscopy and, in a range of experimental and 
human tumors in vivo, tumor response to therapy shows one 
of two qualitatively different patterns [7]. Some treatments, 
notably hyperthermia and photodynamic therapy, produce a 
tumor with little or no high-energy phosphate and a large 
amount of inorganic phosphate. This has been hypothesized 
to result from severe tumor ischemia. Conversely, response 
to chemotherapy or irradiation often appears to involve the 
reversal of trends seen in untreated tumor progression, lead- 
ing to apparent increases in levels of high-energy phosphates. 
The mechanism behind tumor activation is unknown, but the 
activation may result from reversal of the ischemic conditions 
that often prevail within a tumor [7]. 

In the sections to follow, we review the relationship be- 
tween tumor bioenergetics, assessed by °'P MR spectros- 
copy, and tumor hypoxia. This review will necessarily empha- 
size experimental animal tumors for several reasons, the most 
important of which is that no correlations have been made 
between MR spectra and the extent of tumor hypoxia in 
humans. However, a number of other reasons exist for em- 
phasizing experimental tumor research: heterogeneity within 
experimental tumors is often less than within the larger, more 
invasive human tumors; protocols of treatment and exami- 
nation are often inadequately described in MR spectroscopic 
studies of human tumors; and, although a range of types of 
human tumors have been studied by °P MR spectroscopy, 
many types have been examined only once [7]. Reference 
will be made to studies of tumor bioenergetics in humans 
whenever possible. 


Oxygenation and Hypoxia in Tumors 


Hypoxia can be broadly defined as oxygen-limited mito- 
chondrial energy flux [8]. Mitochondrial oxidative phosphoryl- 
ation is thought to be the major cellular source of ATP even 
in rapidly growing tumors [9]. Although oxygen delivery to 
mitochondria in tumor cells can be compromised by poor 
perfusion [10], oxygen consumption by tumor cells is low 
enough that oxygen need not become limiting to mitochondrial 
respiration. The oxygen consumption rate of various human 
malignant tissues tends to be lower than that of correspond- 
ing normal tissues and is considerably lower than that of 
organs such as kidney, liver, brain, heart, and working skeletal 
muscle [10]. The oxygen consumption rate in tumor cells may 
be reduced because tumor mitochondria frequently differ 
functionally from normal mitochondria, and because the num- 
ber of mitochondria per tumor cell may be reduced as much 
as 80% relative to control cells [9]. 

We will define metabolic hypoxia as the partial pressure of 
oxygen (Poz) below which mitochondrial function is impaired. 
This can occur in human neuroblastoma cells in vitro at 
oxygen tensions of about 3-6 mm Hg [11]. Radiobiologic 
hypoxia is the Pos at which relative radiosensitivity is atten- 
uated. Although partial radioresistance begins at oxygen ten- 
sions as high as 10 mm Hg, complete radiobiologic hypoxia 
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results at partial pressures of oxygen less than 1 mm Hg 
[1]. The Po; value at which cellular radiation sensitivity is 
midway between fully oxygenated and anoxic is approxi- 
mately 3-4 mm Hg [12]. Because compiete radiobiologic 
hypoxia occurs at a lower oxygen tension than metabolic 
hypoxia does, we anticipate that any tumor that exhibits a 
radiobiologic hypoxic cell fraction (HCF) will have a metabolic 
HCF also. 

It should be noted that if radiobiologic hypoxia and meta- 
bolic hypoxia are distinct from one another, then a difference 
may also exist in how these types of hypoxia are affected by 
tumor reoxygenation. Tumor reoxygenation is generally ex- 
pected to affect only the radiobiologic HCF and to result in 
those cells becoming more sensitive to radiation [13]. How- 
ever, radiobiologically hypoxic cells that undergo reoxygena- 
tion could still be suffering metabolic hypoxia. Although this 
would be of little consequence to a radiobiologist interested 
only in hypoxic radioprotection, it is of potential importance in 
understanding tumor biology. Furthermore, metabolically hy- 
poxic cells can undergo reoxygenation, to become fully oxic 
cells, without necessarily having an effect on radioresistance 
of the tumor. This suggests that metabolic reoxygenation can 
be an event distinct from radiobiologic reoxygenation. 


Characterization of Tumor Metabolic Hypoxia by °'P MR 
Spectroscopy 


Mitochondrial impairment in cells at low oxygen tension in 
vitro is associated with declining cellular bioenergetic status 
as measured by enzymatic assay of ATP [14]. Because MR 
spectroscopy is sensitive to levels of ATP in vivo, it should 
be capable of detecting cellular metabolic hypoxia in vivo. 

The hypothesis that tumor bioenergetics are sensitive to 
metabolic hypoxia was first suggested by tumor ligation ex- 
periments, in which tumor perfusion is prevented by clamping 
off the blood supply to the tumor. °P MR spectra derived 
from ligated tumors show characteristic decreases in high- 
energy phosphates such as phosphocreatine (PCr) and ATP, 
and increases in inorganic phosphate (P;) [15, 16]. However, 
tumor ligation stops blood flow and produces ischemia rather 
than merely hypoxia, so the decline in high-energy phosphates 
in ligated tumors could result from the absence of metabolic 
substrates, such as glucose, or from accumulation of meta- 
bolic waste products such as lactate. 

Further support for the hypothesis that tumor bioenergetics 
are sensitive to metabolic hypoxia has come from experi- 
ments in which tumor spectra were acquired during ventilation 
of the host animal with different gas mixtures [17]. A murine 
fibrosarcoma (FSall) showed a relative increase in PCr and 
ATP after 20 min of hyperoxia (1.0 atmosphere Ov), and a 
depression of these metabolites after 20 min of hypoxia (0.1 
atmosphere O»). Resumption of air breathing caused a near 
normalization of metabolite levels [17]. A rat rhabdo- 
myosarcoma (BA1112) showed increases in tumor Po; and 
in the spectroscopic ratio of PCr/P,, when the host animal 
was ventilated with 100% O». These changes were further 
enhanced when the animal was given a transfusion of a 
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perfluorochemical that increased the oxygen-carrying capac- 
ity of the blood [18]. 

in general, MR spectroscopy appears to be sensitive to the 
level of tumor oxygenation in vivo. Two murine tumors (RIF- 
1, KHT) and two human ovarian carcinoma xenografts (MLS, 
OW1) showed a correlation between tumor bioenergetics and 
vascular oxygen availability [19]. Analysis of intracapillary 
hemoglobin saturation in the tumor showed a positive corre- 
lation between vessel hemoglobin saturation and tissue ATP, 
measured enzymatically. A positive correlation also was found 
between the total amount of ATP measured by MR spectros- 
copy and tissue ATP measured enzymatically, and a negative 
correlation was found between total P, and tissue ATP. Bio- 
energetic status of these tumors was therefore dependent on 
oxygen supply to the tumor tissue [19]. Correlations also 
were found between tumor oxygenation and MR spectral 
parameters in a murine fibrosarcoma (FSall), suggesting that 
the bioenergetic status of this tumor also is sensitive to 
oxygen limitation [12]. 

During untreated growth of most tumors, the levels of 
energy-rich phosphorus compounds observed by °*'P MR 
spectroscopy decline relative to other spectral resonances, 
while the resonance due to P, increases [7]. These changes 
may be associated with an acidic shift in pH of tumor tissue 
[20]. Because such changes resemble those observed in 
normal tissues made ischemic (Fig. 1), it was proposed that 
growing tumors suffer increasing hypoxia as the tumor out- 
grows its blood supply [15]. Recent data show that mean 
tumor Poz, measured by polarography, declines during 
growth of murine fibrosarcoma (FSall) and that tumor Po» is 
closely correlated with levels of high-energy phosphates visi- 
ble on MR spectroscopy [12]. 

The relationships among bioenergetics, vascular oxygena- 
tion, and hypoxia during tumor growth have been elucidated 
by using several tumor lines [21]. In three different tumor 
models (KHT, RIF-1, and MLS), decreasing tumor bioener- 
getic status is correlated with increasing volume growth, 
whereas in a fourth tumor (OW1), no change occurred in PCr, 
ATP, or P, with growth. Similarly, vascular oxygenation de- 
creased with growth in volume in several tumors (KHT, RIF- 
1, and MLS) but was independent of tumor volume in another 
(OW1). Linear correlations were found between bioenergetic 
status and hemoglobin saturation in individual tumors, except 
for OW1. These observations indicate a direct relationship 
between MR spectral parameters and tumor oxygenation. 
However, this relationship was not identical for each of the 
different tumor lines, implying that bioenergetic status of the 
tumor also is affected by intrinsic properties of tumor cells, 
such as the rate of cellular respiration and the ability of cells 
to survive under hypoxic conditions [21]. 

As tumor bioenergetic status declines with tumor volume, 
tumor perfusion also declines, suggesting that *'P MR spec- 
troscopy is indirectly sensitive to tumor perfusion. In a rat 
gliosarcoma (9L), tumor growth is associated with a decline 
in the PCr and ATP resonances [22], concurrent with a decline 
in tumor perfusion measured by xenon-133 washout [23]. In 
a murine fibrosarcoma (RIF-1), an inverse correlation was 
found between the well-perfused fraction of the tumor, mea- 
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Fig. 1.—I!n vivo `P MR spectra obtained from brain of adult Fischer 344 
rats at 8.5 T, by using a 5-mm surface coil applied directly to brain surface 
after craniectomy. Spectra were acquired at 145.8 MHz with a 3-sec 
relaxation delay and 1000 scans. 

A, Normal rat brain. Resonance identifications as follows: (7) phospho- 
monoesters (PME), (2) inorganic phosphate (P,), (3) phosphocreatine (PCr), 
(4) @-phosphate of nucleoside diphosphate (NDP) and y-phosphate of 
nucleoside triphosphate (NTP), (5) a-phosphate of NDP and NTP, (6) 
i-phosphate of NTP. The ratio PCr/P, is greater than or equal to 
5, suggesting this spectrum was derived from aerobic tissue. 

B, intracranially implanted 9L gliosarcoma. Signal was detected exctu- 
sively from tumor, not from surrounding brain, because of small size of 
coil. This plot is somewhat misleading because ATP peaks look larger in 
B than in A. This is because, in both A and B, highest peak (PCr) was 
scaled to same height for the sake of clarity. Because PCr declines in a 
tumor, B was plotted with a different vertical scale than A, and this 
exaggerated vertical scale leads to an artifactual apparent increase in the 
ATP peaks in B. Ratio PCr/P, is less than or equal to 1, suggesting hypoxic 
tissue. Note also that PME peak is strikingly larger in tumor tissue. 

C, ischemic rat brain. Rat shown in A was sacrificed with pentobarbitai, 
and a spectrum was collected within 30 min of death. The ratio PCr/P, is 
essentially equal to zero, suggesting ischemic tissue. 


sured by '°O washout, and the ratio P,/ATP [24]. The ratio of 
ATP to P, was found to be correlated directly with blood flow 
within a limited range; below this range the ATP resonance 
was undetectable, whereas above this range tne ratio was 
variable but greater than 1.0 [25]. 

Manipulation of tumor perfusion with vasoactive agents 
such as hydralazine [25-27] or flunarizine [27] demonstrates 
that agents that decrease blood flow produce a decrease in 
high-energy phosphates measured by MR spectroscopy, 
whereas agents that increase blood flow produce the oppo- 
site effect. Spectra obtained from a murine fibrosarcoma (RIF- 
1) when the host animal was under pentobarbital anesthesia 
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showed a decline in high-energy phosphates, compared with 
tumor spectra obtained under anesthesia with ketamine plus 
acepromazine (KA) [28]. In vivo near-infrared spectroscopy 
demonstrated that the total oxyhemoglobin level in the tumor 
was reduced by more than 20% after pentobarbital (p < .01), 
but was not significantly affected by KA [28]. In a murine 
fibrosarcoma (RIF-1) treated with human interleukin (IL)-1a 
injection, MR spectroscopy showed an increase in P//ATP 
and a decrease in PCr/P, within a few hours of treatment 
[29]. Blood flow in the tumor, estimated by rubidium-86 
uptake, decreased within 30 min of treatment, with minimum 
perfusion detected at 4 hr and recovery between 6 and 12 hr 
after IL-la treatment. The time course of bioenergetic 
changes in RIF-1 parallels the reduction and subsequent 
recovery of blood flow in the tumor, suggesting that the 
tumor’s bioenergetic status is determined by vascular perfu- 
sion [29]. 

Metabolic activation, a relative increase in high-energy 
phosphates, is observed in many tumors after therapy, but 
the physiological mechanism of this phenomenon is poorly 
understood [7] (Fig. 2). To test the hypothesis that metabolic 
activation is associated with a decrease in metabolic hypoxia 
in tumors, we measured blood flow and oxygenation in a rat 
gliosarcoma (9L) concurrently with analysis by MR spectros- 
copy [23]. Treated tumors showed a significant increase in 
high-energy phosphates with respect to control tumors (p < 
.01), and both tumor oxygenation and tumor perfusion were 
significantly higher after carmustine (BCNU) treatment. If po- 
larographic measurements of Poz in the range of 0-5 mm Hg 
approximate the fraction of celis experiencing metabolic hy- 
poxia, then control tumors were roughly 23% hypoxic, 
whereas treated tumors were only about 2% hypoxic [23]. 
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Fig. 2.—in vivo “P MR spectra from 36B-10 glial tumor subcutaneously 
implanted in flank of adult Fischer 344 rats. Spectra were obtained at 2 T, 
by using a 3.5-cm solenoidal coil and by surrounding tumor with a Faraday 
shieid to isolate tumor from body wall. Spectra were acquired at 34.6 MHz 
with a 3-sec delay and 200 scans. 

A, Tumor treated with carmustine (BCNU, 40 mg/kg). Resonance iden- 
tifications as in Fig. 1. Ratio PCr/P, is greater than or equal to 0.5. 

B, Age-matched untreated control tumor. Ratio PCr/P, is essentially 
equal to zero. 
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Metabolic activation of tumors after therapy may generally 
be associated with a decrease in metabolic hypoxia. Phos- 
phorus spectra obtained from a murine fibrosarcoma (RIF-1) 
show an increase in high-energy phosphates and an alkaline 
shift in pH after tumor irradiation [30, 31]. The increase in 
PCr/P; and ATP/P; was correlated with an increase in blood 
perfusion in the tumor as measured by infusion of ['*C]iodo- 
antipyrine [30]. It was concluded that improvement in tumor 
perfusion resulted in an increase in oxidative phosphorylation 
in the tumor, and that MR spectroscopic changes indirectly 
reflect changes in tumor perfusion [30]. Therefore, metabolic 
activation may actually be the result of reoxygenation of those 
tumor cells suffering metabolic hypoxia. 

Perhaps the strongest evidence that °'P MR spectroscopy 
is sensitive to tumor metabolic hypoxia has come from in vitro 
studies of tumor cell spheroids [32, 33]. A range of spheroid 
sizes was studied, up to sizes at which 40% of the spheroid 
volume was necrotic [33]. In well-perfused spheroids, no 
correlation was found between the extent of necrosis and the 
ratio ATP/P;. This was because chronic hypoxia of spheroid 
cells resulted in cell death, loss of high-energy metabolites, 
and loss of cellular Pi. Thus necrotic tumor areas were not 
visible by MR spectroscopy because they contained neither 
P; nor high-energy phosphates [33]. 

lf spheroids were acutely deprived of oxygen, a depression 
of cellular high-energy phosphates resulted, and cells were 
visible by MR spectroscopy as low-energy cells [33]. Acutely 
hypoxic spheroid spectra showed elevated levels of P,, low 
ATP, low or absent PCr, and an acidic pH, so that they were 
similar in appearance to spectra from tumors in vivo. Pro- 
longed reduction of perfusion resulted in death of the inner 
region of cells and expansion of the necrotic core during a 
12-hr period [33]. After those cells in the core of the spheroid 
died, the relative proportion of high-energy phosphates in- 
creased, so that spectra of chronically hypoxic spheroids 
were indistinguishable from spectra of well-perfused spher- 
oids [33]. Depression of high-energy metabolites in tumors in 
vivo may thus be seen in tumors having a high proportion of 
low-energy but still viable cells, suggesting that “'P MR spec- 
troscopy is directly sensitive to acutely hypoxic cells in vivo. 
However, the relationships between acute hypoxia and met- 
abolic or radiobiologic hypoxia are unclear. 

Tumor hypoxia can result in lactate production through 
glycolysis, with a resulting acidification of tumor pH. As °'P 
MR spectroscopy can measure tissue pH in vivo, this could 
provide another means of characterizing tumor hypoxia. Tu- 
mor pH can be estimated from the chemical shift of the P, 
peak with respect to a peak such as PCr, whose chemical 
shift is not pH dependent. However, this estimate can suffer 
from a number of potential sources of error, as ionic strength, 
metal ion binding, and temperature all influence the chemical 
shift of P, [34]. As P, may be associated predominantly with 
transiently hypoxic cells [33], the estimated pH may be 
weighted for these cells. in general, tumor pH undergoes little 
change after treatment in many tumors [7, 35] and can be 
poorly correlated with perfusion [25], suggesting that the 
inherent buffering capacity of tumor cells also may be impor- 
tant in determining tumor pH. 
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Tumor pH has been estimated by MR spectroscopy in a 
range of human neoplasms [36]. In most tumors, pH was 
either normal or slightly alkaline before treatment. During 
fractionated radiotherapy, pH tended to become more alkaline 
even in unresponsive tumors, so pH was uninformative about 
treatment response. It was concluded that human tumors are 
generaily well oxygenated, with only a small fraction of chron- 
ically hypoxic cells [36]. However, because pH measurement 
is fraught with potential sources or error, these findings must 
be corroborated. The conclusion that human tumors are well 
oxygenated conflicts with reports that, in human squamous 
cell carcinoma, tumor Po, is variable and often low and can 
be predictive of radioresponse [37]. 

A significant linear relationship has been found between 
pretreatment tumor pH, measured by MR spectroscopy, and 
posttreatment tumor necrosis in a group of patients with soft- 
tissue sarcomas [38]. Changes in diagnostic CT scans and 
MR images did not predict tumor necrosis after treatment. In 
fact, tumor pH was the only pretherapy predictor of ultimate 
tumor necrosis, although changes in PCr/P; and ATP/P, during 
therapy also predicted subsequent tumor necrosis. Altera- 
tions in phosphorus metabolites occurred without any change 
in tumor volume in seven of eight patients [38]. 


Characterization of Radiobiologic Hypoxia in Tumors by 
“P MR Spectroscopy 


Although a relationship should exist between metabolic 
hypoxia and radiobiologic hypoxia, it is by no means clear 
how close that relationship is in tumors. However, recent 
evidence suggests that °P MR spectroscopy may be sensi- 
tive to tumor hypoxia even in the range of radiobiologic 
hypoxia. Correlations have been noted between poor tumor 
oxygenation (the proportion of Po; readings at 0-2.5 mm Hg) 
and tumor volume, and between the radiobiologic HCF and 
tumor volume [12]. As MR spectral parameters also are 
correlated with tumor volume, this indirectly suggests that 
both HCF and tumor oxygenation are correlated with MR 
spectral parameters [12]. 

Manipulation of the radiobiologic HCF of a tumor can alter 
MR spectral parameters. Anesthetizing mice with pentobar- 
bital produced transient depression of high-energy phos- 
phates in a murine fibrosarcoma (RIF-1) [28]. Tumors were 
significantly more radioprotected when irradiation was done 
with pentobarbital anesthesia than when irradiation was done 
with an anesthetic protocol that did not produce MR spectral 
changes. This indicates that changes in radiobiologic hypoxia 
of tumors can be accompanied by detectable differences in 
MR spectroscopic parameters [28]. Another study that sug- 
gests that °'P MR spectroscopy may be sensitive to radio- 
biologic hypoxia in tumors used a rat rhabdomyosarcoma 
(BA1112), which normally has a radiobiologic HCF of 18% 
[18]. Tumor HCF decreased to 6.60% when the host animal 
was ventilated with carbogen or 100% Oz, and HCF under- 
went a further reduction to 0.34% when the host animal was 
given a transfusion of a perfluorocarbon, which increased the 
oxygen-Carrying capacity of the blood. MR spectroscopic 
measurements showed concurrent increases in PCr/P, and 
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ATP/P,, indicating that MR spectroscopy can detect changes 
in tumor oxygenation that have an effect on tumor radiobio- 
logic HCF [18]. 

Tumor bioenergetics, characterized by MR spectroscopy, 
were correlated with the radiobiologic HCF in each of three 
tumor lines (KHT, RIF-1, MLS), but not in a fourth (OW1) [21, 
39]. In these three tumor lines, the bioenergetic status of the 
tumor declined sharply as the hypoxic fraction increased: for 
a murine fibrosarcoma (RIF-1), the total quantity of high- 
energy phosphates was reduced more than fourfoid as the 
radiobiologic HCF went from 0.9% to 1.7% [21]. In the one 
tumor line in which HCF did not vary with tumor size (OW), 
bioenergetic status did not vary with tumor size either [39]. 
However, despite the correlation between bioenergetic status 
and HCF in three of four cell lines, no correlation was seen 
between MR spectroscopy and HCF across celi lines [39]. 

Further evidence suggesting that “P MR spectroscopy 
cannot quantitatively measure radiobiologic hypoxia across 
tumor lines has been obtained recently. Small murine mam- 
mary carcinomas (MCa) implanted in the hind foot dorsum of 
a mouse have a radiobiologic HCF of 67%, whereas small 
murine fibrosarcomas (FSall) in the same location have a 
radiobiologic HCF of 11%, as measured by the tumor contro! 
dose (T CDs) technique [40]. Despite this very large difference 
in HCF, MR spectral parameters showed no consistent differ- 
ences between these tumors in bioenergetic status. This 
indicates that parameters of energy status are not accurate 
predictors of radiobiologic hypoxia between tumor types 
[40]. These results can be partially explained if chronically 
hypoxic regions of tumors contain neither P, nor high-energy 
phosphates, because they would be invisible by MR spec- 
troscopy [33]. 


Conclusion 


This analysis suggests that "P MR spectroscopy is directly 
sensitive to metabolic hypoxia in tumors, but is only indirectly 
sensitive to radiobiologic hypoxia in tumors. As the relation- 
ship between metabolic and radiobiologic hypoxia is likely to 
remain obscure for an individual patients tumor, "P MR 
spectroscopy may be of little clinical usefulness in accurately 
quantifying the radiobiologic HCF of a tumor. But if further 
work confirms that MR spectroscopy is sensitive to the 
relative radiobiologic HCF within a given tumor, MR spectro- 
scopic data could become useful in assessing changes in 
radiobiologic HCF induced by treatment of tumors. The ability 
of MR spectroscopy to give a qualitative indication of changes 
in tumor hypoxia in vivo may enable clinicians to monitor the 
kinetics of tumor oxygenation after therapy in order to achieve 
maximal tumor radiotoxicity. This is a first step toward indi- 
vidualizing therapy for the cancer patient. 
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Broncholithiasis: CT Features in 15 
Patients 





Bronchoiithiasis is a disorder characterized by peribronchial calcific nodal disease 
that either erodes into an adjacent bronchus or distorts the bronchi. The key radiologic 
finding is a calcified endobronchial or peribronchial lymph node. To determine the CT 
findings of broncholithiasis, we retrospectively reviewed the chest radiographs and CT 
scans of 15 patients with proved broncholithiasis. Ten patients had endobronchial nodes 
as proved by bronchoscopy, surgery, or lithoptysis. Broncholiths were identified on 
bronchoscopy in only five cases. Five patients had peribronchial nodes with associated 
bronchial distortion. Collimation of the CT scans varied; 1.0-cm-, 0.6-cm-, and 0.5-cm- 
thick sections were obtained. Three patients had both 1.0-cm- and 0.5-cm-thick sections. 
The calcified lymph node was identified on CT in all 15 patients. CT correctly localized 
six of 10 endobronchial nodes and four of five peribronchial nodes. Findings due to 
bronchial obstruction also were seen on CT; atelectasis (n = 11), infiltration {n = 4), 
bronchiectasis (n = 4), and air trapping (n = 1). An associated soft-tissue mass was not 
seen in any case. Difficulty in determining the relationship between lymph node and 
bronchus is due to volume averaging, which can be decreased by scanning thinner 
sections. 

CT can suggest the diagnosis of broncholithiasis and is useful when bronchoscopy 
does not show a broncholith. 
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Broncholithiasis is an uncommon medical problem that often is a diagnostic 
challenge. Broncholithiasis traditionally is defined as a condition in which calcified 
material is present within the bronchus or in an adjacent communicating cavity 
[1]. More recently, the definition has been expanded to include those cases in 
which peribronchial calcific nodal disease distorts the tracheobronchial tree without 
erosion of the calcified lymph node into the bronchus [2]. 

Plain film radiography and tomography have been used to examine patients with 
suspected broncholithiasis [3, 4]. More recently, cases have been reported in which 
CT has been used [5-9]. With all radiologic studies, the goal is to identify a calcified 
lymph node located within or next to an involved bronchus. 

The purpose of this study was to determine the CT findings in 15 patients with 
broncholithiasis and to assess the usefulness of CT in identifying endobronchial or 
peribronchial broncholiths. 


Materials and Methods 


We retrospectively evaluated the chest radiographs and chest CT scans of 15 patients 
with the diagnosis of broncholithiasis. The examinations were performed between 1982 and 
1991 and include all known patients with broncholithiasis who underwent chest CT. Of the 
15 patients, eight were men and seven were women. The age range was 24-76 years (mean, 
48.5 years). All patients lived in a region where histoplasmosis is endemic. 

The patients were divided into two groups on the basis of the location of the bronchelith. 
The calcified lymph node was endobronchial in 10 patients [1]. The endobronchial location of 
the lymph node was confirmed during surgery in four patients, bronchoscopy in three patients, 
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surgery and bronchoscopy in two patients, and by the expectoration 
of a calcified lymph node in one patient. In five patients, the calcified 
lymph node was peribronchial. In this group, a diagnosis of bron- 
cholithiasis was made if the patients had demonstrable peribronchial 
calcified lymph nodes on radiographs, evidence of peribronchial dis- 
ease (bronchial distortion, compression, or stenosis) on bronchos- 
copy, and no other pulmonary disease to explain the changes [2]. 
Three patients had the peribronchial location of the lymph node 
confirmed surgically. 

The most common symptom was a cough (n = 13). Other signs 
and symptoms included hemoptysis (n = 6), chest pain (n = 3), 
sputum production (n = 3), fever (n = 2), lithoptysis (n = 2), halitosis 
(n = 1), and wheezing (n = 1). One patient was asymptomatic. Four 
patients had had episodes of pneumonia. Two of these patients were 
examined for infiltrates that failed to clear after therapy for pneumonia. 

All chest radiographs were obtained with a dedicated chest unit at 
a distance of 6 ft (1.83 m) and set at 140 kVp. The film-screen 
combination consisted of Cronex 10L film and Quanta Fast Detail 
screen (Du Pont, Wilmington, DE). CT was performed with several 
different CT scanners: Technicare 1440 or 2030 (GE Medical Sys- 
tems, Milwaukee, WI), Picker 1200SX (Picker International, Highland 
Heights, OH), GE 9800 (GE Medical Systems, Milwaukee, WI), or 
Philips 310 (Philips Medical Systems North America, Shelton, CT). 
The scans consisted of contiguous 1.0-cm-thick sections in six pa- 
tients, 0.5-cm-thick sections in four patients, 0.6-cm-thick sections in 
two patients, and both 1.0- and 0.5-cm-thick sections in three pa- 
tients. Scanning time was 2 sec (4.6 sec with the Philips 310). Nine 
patients received a rapid IV infusion of either 150 ml of 60% diatri- 
zoate meglumine or 200 ml of 43% iothalamate meglumine. Some 
patients received a 75-ml bolus of contrast material at the beginning 
of the infusion. None of the patients underwent oblique tomography. 

The chest radiographs and CT scans were reviewed by two of the 
authors. The scans were analyzed for the presence and location of 
calcified lymph nodes, atelectasis, infiltrates, bronchiectasis, and soft- 
tissue masses. The radiologists were aware of the clinical diagnosis 
of broncholithiasis, but the bronchoscopic and surgical findings were 
not available. 

Findings on the chest radiographs were abnormal in all patients. A 
calcified lymph node near a bronchus was seen in 11 patients (Fig. 
1A). Atelectasis was identified in nine patients (Fig. 1A). The atelec- 
tasis was segmental in six cases and lobar in three. Parenchymal 
infiltrate was present in two cases. Calcified granulomas in the lung 
were seen in four patients. 

Bronchoscopy was performed in 14 patients. CT was done before 
bronchoscopy in all cases. One patient had lithoptysis and did not 
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undergo bronchoscopy. A follow-up chest radiograph showed that 
this patient, after several years of lithoptysis, had expectorated most 
of the calcified lymph node (Fig. 2). In the 14 patients examined, nine 
of whom had an endobronchial broncholith, a broncholith was iden- 
tified in only five cases. In the remaining nine cases, bronchial distor- 
tion was found in seven and blood was found in three. In two cases, 
the blood precluded evaluation of the involved bronchus. 

Nine patients underwent surgical resection of the involved lung. 
The lymph node was found to be endobronchial in six cases and 
peribronchial in three. One patient had partial bronchoscopic removal 
of an endobronchial node. Five patients were observed. 


Results 


Abnormalities were identified on CT scans in all patients. 
Calcified lymph nodes were identified in all 15 patients. In the 
10 patients in whom the lymph nodes ultimately were proved 
to be endobronchial, six of the lymph nodes appeared to be 
endobronchial (Fig. 3) and four appeared to be peribronchial 
on CT. Of the five patients whose lymph nodes were peri- 
bronchial, one node appeared to be located within a bronchus 
(Fig. 4) and the remaining four appeared to be peribronchial. 
In two patients with endobronchial lymph nodes, the bronchus 
appeared to be occluded by material (Fig. 1B) that had the 
same density as soft tissue. The involved bronchi in these 
patients were found during bronchoscopy to be occluded by 
blood clot or edematous mucosa. 

CT scans showed atelectasis in six patients with endobron- 
chial lymph nodes (Fig. 1B) and in all five patients with 
peribronchial nodes (Fig. 4). Parenchymal infiltrate was seen 
in four patients with endobronchial nodes (Fig. 5). In three 
patients, the infiltrates were patchy, and in one patient, the 
involved lung was densely consolidated. Bronchiectasis was 
present distal to endobronchial lymph nodes in four patients 
(Figs. 1B and 3B). This was characterized by tubular dilatation 
of the bronchi, which in three cases was associated with 
atelectasis of the involved lung. Air trapping in the involved 
lung was seen in one patient with an endobronchial node. 

Using CT, we determined that broncholithiasis involved the 
right lung in 13 patients and the left lung in two patients. The 
distribution in the right lung was the anterior segment upper 


Fig. 1.—66-year-old asymptomatic woman 
with an endobronchial broncholith. 

A, Posteroanterior chest radiograph shows 
atelectasis in right middle lobe and calcified 
lymph nodes near right-middle-lobar bronchus. 

B, CT scan through level of right-middle- 
lobar bronchus shows calcified lymph node (ar- 
row) in expected location of right-middle-lobar 
bronchus and atelectasis and bronchiectasis 
distal to lymph node. Soft tissue within bron- 
chus proximal to node represents blood clot 
and edematous mucosa seen during bronchos- 
copy. Lymph node was found during surgery to 
be endobronchial. 
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Fig. 2.—33-year-old woman with a chronic cough and lithoptysis. 

A, Posteroanterior chest radiograph shows a large calcified lymph node in hilum of right lung. 

B, CT scan obtained at same time as A shows a large calcified lymph node in right hilum that appears to be next to, but not within, bronchus intermedius 
(arrow). 

C, Chest radiograph obtained after 2 years of lithoptysis (2 years after A) shows marked reduction in calcifications in right hilum of lung. 





Fig. 3.—30-year-old woman with bronchiec- 
tasis due to chronic bronchial obstruction by an 
endobronchial broncholith. 

A, CT scan at level of origin of right-middle- 
lobar bronchus shows proximal bronchus abuts 
an endobronchial broncholith (arrow). 

B, CT scan at level immediately below A 
shows bronchus abutting distal side of bron- 
cholith (arrow). Bronchiectasis is present in lat- 
eral segment. 


Fig. 4.—61-year-old man with a peribronchial 
broncholith that was incorrectly localized by CT 
as endobronchial. CT at level of anterior segment 
of right upper lobe shows calcified lymph node 
(arrow), apparently occluding bronchus, and as- 
sociated distal atelectasis. During surgery, node 
was found to be peribronchial, and bronchial 
obstruction was due to postinflammatory bron- 
chial distortion and stenosis. 


Fig. 5.—51-year-old woman who had persist- 
ent infiltrate in right upper lobe after therapy for 
pneumonia. CT scan shows endobronchial bron- 
cholith within anterior segment of right-upper- 
lobar bronchus and infiltrate within segment. 
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lobar bronchus in five cases, middle lobar bronchus in three 
cases, bronchus intermedius in two cases, and the superior 
segment lower lobar bronchus in three cases. In the left lung, 
the upper lobar bronchus and the lower lobar bronchus were 
involved in one case each. 

In three patients, both 1.0- and 0.5-cm-thick sections were 
obtained. In two patients, both section thicknesses provided 
essentially equivalent information. In the other patient, the 
0.5-cm-thick images provided much better definition of the 
relationship between the broncholith and the bronchus (Fig. 
6). In this case, involvement of a subsegmental bronchus was 
depicted clearly on the thinner section but was not seen on 
the thicker sections. 


Discussion 


Most broncholiths arise from peribronchial lymph nodes 
that calcify after an inflammatory process. They may erode 
into an adjacent bronchus, and the associated inflammatory 
process may distort the bronchus. The CT findings were 
representative of this pathologic process. In all cases, CT 
showed a calcified lymph node. This lymph node was identi- 
fied as endobronchial in only six of 10 cases in which it was 
located within the bronchus. In one case with a peribronchial 
node, CT showed that the node was endobronchial. These 
discrepancies are the result of volume averaging of the lymph 
necs, bronchus, and surrounding tissues. In two cases of 
endobronchial lymph nodes, the bronchus appeared to be 
occluded by soft tissue, which ʻe ented edematous mu- 
cosa or blood. The difficulty CT hau in determining the exact 
location of the lymph node is not of great practical significance 
because the key radiologic finding, a calcified lymph node in 
or adjacent to the involved bronchus, was shown in all cases. 

Atelectasis, the most common parenchymal finding, is the 
product of bronchial occlusion by a broncholith or postinflam- 
matory bronchial distortion. Infiltrates were present in four 
cases, appearing as either a patchy infiltrate or an area of 
consolidation. The infiltrates also are due to the occlusive 
effect of the broncholiths, which may result in postobstructive 
infection. Two of the patients were examined because of 





AJR:157, August 1991 


Fig. 6.—24-year-old man with hemoptysis. 

A, CT scan (1.0-cm section) through superior 
segment of right lower lobe shows calcification 
(arrow) that does not appear to involve a bron- 
chus. 

B, CT scan of thinner section (0.5 cm) clearly 
shows broncholith (arrow) is in a subsegmental 
bronchus. 


persistent infiltrates after therapy for pneumonia. Bronchiec- 
tasis, which was found in four patients, indicates that the 
bronchial obstruction may be chronic in some patients, re- 
sulting in repeated episodes of postobstructive infection. Of 
interest is that the bronchiectasis seen on CT was not iden- 
tified on the plain radiographs. Air trapping is an unusual 
finding that reflects the obstructive nature of this disease. 

No soft-tissue mass was associated with any of the bron- 
choliths. This is in contrast to fibrosing mediastinitis, which 
as with broncholithiasis usually is associated with infection by 
Histoplasma capsulatum and may produce bronchial obstruc- 
tion. In fibrosing mediastinitis, a soft-tissue mass is the main 
finding and usually is associated with calcification [10]. This 
difference reflects the much more localized disease that oc- 
curs in the development of a broncholith. 

We did not specifically address the relative usefulness of 
thick vs thin sections. However, in one of the three cases in 
which both 1.0- and 0.5-cm-thick sections were used, the 
thinner sections provided superior definition of the broncholith 
in relation to the bronchus. This is because less volume 
averaging occurred with the thinner section. It seems reason- 
able that in cases in which broncholithiasis is suspected 0.5- 
cm-thick or thinner sections should be obtained through the 
area of interest. This would minimize the effect of volume 
averaging and allow better localization of the calcified lymph 
node. Although contrast material was administered in nine of 
the CT scans, it is not necessary for the evaluation of bron- 
cholithiasis. 

Fiber-optic bronchoscopy is a relatively insensitive tech- 
nique for the detection of broncholiths. In our series, only five 
(56%) of nine endobronchial broncholiths were identified with 
bronchoscopy. This is slightly better than other series, in 
which broncholiths were identified in 28-44% of patients 
examined [3, 11, 12]. The failure of bronchoscopy to identify 
some broncholiths is due either to the node being peribron- 
chial or to bronchial distortion obscuring an endobronchial 
node. It is in these patients that CT is of value. The usefulness 
of CT for identifying the hidden broncholith provides infor- 
mation that is essential if broncholithiasis is to be diagnosed. 
An important role of bronchoscopy is to exclude an endo- 
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bronchial neoplasm, which in rare cases may be calcified and 
simulate a broncholith [13]. 

The results of this study suggest that CT can provide useful 
information in the examination of patients with suspected 
broncholithiasis. A diagnosis of broncholithiasis is suggested 
strongly by the following CT findings: (1) a calcified lymph 
node that is either endobronchial or peribronchial; (2) the 
presence of changes due to bronchial obstruction: atelectasis, 
infiltrates, bronchiectasis, or air trapping; and (3) the absence 
of an associated soft-tissue mass. Bronchoscopy should be 
done then to exclude the presence of an endobronchial neo- 
plasm and to look for either a broncholith or evidence of 
peribronchial disease (bronchial compression, stenosis, or 
distortion). If no other pulmonary disease is present to explain 
the findings, we think that the results of CT and bronchoscopy 
will be sufficient for a diagnosis of broncholithiasis. 


REFERENCES 


1. Schmidt HW, Claggett OT, McDonald JR. Broncholithiasis. J Thorac Car- 
diovasc Surg 19§0:19:226-245 
2. Arrigoni MG, Bernatz PE, Donoghue FE. Broncholithiasis. J Thorac Car- 


CT OF BRONCHOLITHIASIS 


10. 


1t. 


13. 


253 


diovase Surg 1971,62:231-237 


. Vix VA. Radiographic manifestations of broncholithiasis. Aadiology 


1978: 128:295-299 


. Freedman E, Billings JH. Active bronchopulmonary lithiasis. Radiology 


1949/53: 203-214 


. Kowal LE, Goodman LR, Zarro VJ, Haskin ME. CT diagnosis of bronchol- 


ithiasis. J Comput Assist Tomogr 1983:7:321~-323 


. Morris JF, Antonovic R, Galey WT, Khanijo V. Lithoptysis in a marathon 


runner. Chest 1989;96:655--656 


. Hirshfield LS, Graver LM, Isenberg HD. Broncholithiasis due to Histoplasma 


capsulatum subsequently infected by actinomycetes. Chest 1989:96: 
218-219 


. Shin MS, Ho KJ. Broncholithiasis: its detection by computed tomography 


in patients with recurrent hemoptysis of unknown etiology. / Comput 
Tomogr 1983;7: 189-193 


. Adler O, Peleg H. Computed tomography in the diagnosis of broncholl- 


thiasis. Eur J Radiol 1987:7:211-212 

Weinstein JB, Aronberg DJ, Sagel SS. CT of fibrosing mediastinitis: findings 
and their utility. AJR 1983:141:247-251 

Dixon GF, Donnerberg RL, Schonfeld SA, Whitcomb ME. Advances in the 
diagnosis and treatment of broncholithiasis. Am Rev Respir Dis 
19845129: 1028-1030 


. Trastek VF, Pairoiero PC, Ceithami EL, Piehler JM, Payne WS, Bernatz 


PE. Surgical management of broncholithiasis. J Thorac Cardiovasc Surg 
1985;90: 842-848 

Shin MS, Berland LL. Myers JL, Clary G, Zorn GL. CT demonstration of 
an ossifying bronchial carcinoid simulating broncholithiasis. AJF 
1989;153:51-52 


254 


Book Review 





The Lungs. Edited by B. Corrin. (Vol. 5 of Systemic Pathology, 3rd ed. General editor: W. St C. Symmers.) New 


York: Churchill Livingstone, 467 pp., 1990. $159 


This book is a volume devoted to the pathology of lung diseases 
from a series of pathology texts on the major organ systems. Dr. 
Corrin, although listed as the editor, is the author or coauthor of most 
of the chapters in this book, ensuring some consistency of style and 
organization of content. Dr. Corrin is professor of thoracic pathology 
at the National Heart and Lung Institute (Brompton and London Chest 
Hospitals) in England. 

The book is divided into 23 chapters. They discuss normal lung 
structure; perinatal and developmental lung disease; diffuse alveolar 
damage; viral, mycoplasmal, and rickettsial infections; acute and 
chronic bacterial infections and lung abscess; fungal and parasitic 
infections; atelectasis; diseases characterized by airflow limitation or 
restriction; occupational disease; metabolic disease; edema, infarc- 
tion, and hypertension; vasculitis and granulomatosis: lymphoprolif- 
erative disease; inflammatory pseudotumors; lung cancer, other epi- 
thelial tumors; mixed tumors; connective tissue tumors; metastatic 
tumors; and pleural disease. References are not comprehensive but 
are adequate, with an average of about 50 per chapter. Topics are 
well illustrated, and illustrations are of high quality. Although most 
illustrations are of histologic studies, illustrations of gross pathologic 
changes and of whole lung sections are included in the descriptions 
of many entities; this is particularly important from a radiologic stand- 
point. 

Discussions of individual diseases or entities do not simply cover 
pathologic and histologic findings. They also provide good reviews of 
what is known about the disease in question so far as its cause, 


clinical features, course, and differential diagnosis. Thus, although 
this is a text on pathology, it provides a rather well-balanced approach 
to understanding the basics of specific diseases. Pathologic features 
of the diseases discussed include gross morphology, localization of 
abnormalities relative to acini and pulmonary structures such as 
bronchioles and vessels (which might be useful in understanding high- 
resolution CT scans of the lung), and histology. Some discussion is 
included of the results of bronchoalveolar lavage and how it relates 
to histologic findings, although not in great detail. 

The author is careful to use terminology that is commonly known 
in the United States, in addition to terms that are used more typically 
in the United Kingdom. For example, the terms “idiopathic pulmonary 
fibrosis” and “UIP” are given in addition to the British equivalent, 
“cryptogenic fibrosing alveolitis.” 

Although The Lungs appears to be a good textbook of lung 
pathology, from a radiologist’s point of view, | can recommend it only 
to someone with a special interest in lung disease. Furthermore, 
discussions of similar completeness are included in the recently 
published third edition of Diagnosis of Diseases of the Chest by 
Fraser, Paré, Paré, Fraser, and Genereux (Saunders), which is prob- 
ably available in most hospital and radiology libraries and stresses 
pathologic-radiologic correlations to a greater degree. 


W. Richard Webb 
University of California, San Francisco 
San Francisco, CA 94143-0628 
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Case Report 





Noncardiogenic Pulmonary Edema Resulting from 
Intravascular Administration of Contrast Material 


Gilles Bouachour,' Nicolas Varache,' Nathalie Szapiro,’ Philippe L’Hoste,? Patrick Harry,’ and Philippe Alquier’ 


Acute pulmonary edema after intravascular administration 
of contrast medium is an extremely rare complication [1]. This 
adverse reaction generally is ascribed to the effects of con- 
trast-induced volume overload in patients with compromised 
cardiac status [2]. We report three cases of noncardiogenic 
pulmonary edema induced by contrast material, shown by 
Swan-Ganz pressure measurements, in which the edema may 
have been due to the toxic effect of the contrast material on 
the pulmonary capillary membrane. 


Case Reports 
Case 1 


A 64-year-old man had angiography of the lower extremity for 
evaluation of an aortobifemoral prosthesis. His medical history in- 
cluded a left pneumonectomy and radiation therapy for epidermoid 
carcinoma of the lung and an aortobifemoral bypass performed 2 
months earlier for aortic and femoral thrombosis. At that time, an 
arteriogram had shown no adverse effects after injection of contrast 
material. Within minutes of an IV bolus injection of 120 ml of sodium 
and meglumine ioxaglate (600 mOsm/kg, Hexabrix 320, Guerbet, 
Aulnay-sous-Bois, France), the patient complained of dyspnea, be- 
came cyanotic, and produced copious amounts of pink frothy soutum. 
Respiratory arrest developed. The patient was intubated immediately, 
ventilated mechanically, and transferred to the intensive care unit. At 
admission, his blood pressure was 105/70 mm Hg and his pulse rate 
was 72 beats per minute. Chest radiographs showed severe diffuse 
right-sided interstitial and alveolar pulmonary edema and a normal 
cardiac silhouette. The ECG showed sequela of inferior myocardial 
infarction with no acute changes when compared with a recent ECG. 
Serial measurements of cardiac enzyme levels remained within normal 
limits. Blood gas analysis on a fraction of inspired oxygen of 0.8 
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revealed an arterial oxygen tension of 61 mm Hg (8.1 kPa); calculated 
serum osmolality was 300 mOsm/kg H:O (300 mmol/kg H2O), and 
measured serum osmolality was 320 mOsm/kg H:O (320 mmol/kg 
H0). A balloon-tipped, flow-directed thermodilution catheter revealed 
a right atrial pressure of 4 mm Hg, pulmonary artery pressure of 37/ 
19 mm Hg, and pulmonary capillary wedge pressure of 8 mm Hg. 
Cardiac index was 1.35 I/min/m*. The protein content of edematous 
fluid from the endotracheal tube was 46 g/l, whereas a simultaneous 
measurement of serum protein content was 65 g/l. After a fluid 
chailenge of six units of 20% albumin and dobutamine infused at the 
rate of 10 „g/kg/min during the next 48 hr, the patient's cardiopul- 
monary condition progressively improved. On the second day, results 
of fiber-optic bronchoscopic examination were normal. The bron- 
Choalveoiar lavage revealed no eosinophils or malignant cells, and 
the samples obtained by a protected specimen brush showed no 
significant bacterial growth. Levels of serum total hemolytic comple- 
ment, C1 esterase inhibitor, and histamine 12 hr after admission were 
normal. The patient's pulmonary status gradually worsened in the 
ensuing weeks, complicated by a nosocomial pneumonia; he died on 
day 33. Autopsy showed nonspecific diffuse interstitial fibrosis of the 
jung. 


Case 2 


A 63-year-old man with a history of severe arterial hypertension 
controlled by nicardipine hydrochloride and betaxolol hydrochloride 
had diagnostic renal angiography. His medical history included un- 
complicated myocardial infarction and percutaneous transluminal an- 
gioplasty 2 months earlier with no adverse effect after injection of 
contrast medium. IV bolus injection of 120 mi of sodium and megliu- 
mine ioxaglate was followed immediately by profound dyspnea, pink 
frothy sputum, cyanosis, and diaphoresis. The chest radiograph 
showed diffuse alveolar infiltrates. A presumptive diagnosis of cardi- 
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ogenic pulmonary edema was made, 80 mg of furosemide was 
infused IV, and oxygen (10 I/min) was administered via face mask. 
Despite this therapy and a diuresis of 750 ml during the next 2 hr, 
the patient’s clinical status continued to deteriorate. The patient was 
intubated and ventilated mechanically. At that time, he produced 
copious amounts of pink frothy sputum. Blood pressure was 180/ 
100 mm Hg, and pulse rate was 80 beats per minute. A myocardial 
infarction was excluded on the basis of ECG and serial measurements 
of cardiac enzyme levels. The arterial blood gases on a fraction of 
inspired oxygen of 0.8 showed an oxygen tension of 48 mm Hg (6.4 
kPa). A pulmonary artery catheter showed that the right atrial pres- 
sure was 1 mm Hg, pulmonary artery pressure was 21/12 mm Hg, 
and pulmonary-capillary wedge pressure was 4 mm Hg. Cardiac 
index was 2.5 I/min/m*. The protein content of edematous fluid from 
the endotracheal tube was 52 g/l, whereas a simultaneous measure- 
ment of serum protein content was 69 g/l. Calculated serum osmo- 
lality was 316 mOsm/kg H:O (316 mmol/kg H2O) and measured 
serum osmolality was 334 mOsm/kg H20 (334 mmol/kg H2Q). Find- 
ings on a fiber-optic bronchoscopic examination were normal. Levels 
of serum total hemolytic complement, C3 and C4, C1 esterase 
inhibitor, and histamine 60 min after the beginning of the reaction 
were normal. During the next 3 days, the patient's pulmonary condi- 
tion progressively improved, and the endotracheal tube was removed 
on the sixth day of hospitalization. 


Case 3 


A 61-year-old man had mesenteric arteriography for evaluation of 
chronic anemia. He had had a myocardial infarction and had under- 
gone coronary arteriography without specific reaction 10 years be- 
fore. Ten minutes after intraarterial injection of 60 mi of sodium and 
meglumine ioxaglate, the patient became tachypneic and peripherally 
cyanotic. He immediately was given 9 | of nasal oxygen, and 8 mg of 
betamethasone was administered IV. Blood pressure was 120/80 
mm Hg, pulse rate was 110 beats per minute, and respiration rate 
was 26/min. ECG showed no acute changes, and serial measure- 
ments of cardiac enzyme levels remained within normal limits. A chest 
radiograph showed an interstitial and alveolar pattern of pulmonary 
edema. Blood gas analysis showed an arterial oxygen tension of 69 
mm Hg (9.2 kPa). Calculated serum osmolality was 296 mOsm/kg 
HzO (296 mmol/kg H:O) and measured serum osmolality was 311 
mOsm/kg H20 (311 mmol/kg H2O). A balloon-tipped thermodilution 
catheter revealed a right arterial pressure of 7 mm Hg, pulmonary 
artery pressure of 38/20 mm Hg, and pulmonary capillary wedge 
pressure of 14 mm Hg. Cardiac index was 3.75 I/min/m*. Results of 
a fiber-optic bronchoscopic examination were normal. Levels of 
serum total hemolytic complement, C3 and C4, C1 esterase inhibitor, 
and histamine 20 min after the reaction started were in the normal 
range. Oxygen therapy via facial mask was continued for 2 days, 
with rapid resolution of symptoms. 


Discussion 


Both cardiogenic and noncardiogenic factors can cause 
contrast-induced pulmonary edema. Adverse reaction after 
administration of contrast material, similar to the adult respi- 
ratory distress syndrome, has been reported [3, 4]. Only five 
cases with a low pulmonary capillary wedge pressure or with 
a high protein concentration in pulmonary edematous fluid 
are well documented [5, 6]. Clinically, patients are usually 
young and have no history of cardiac or pulmonary disease. 

The three patients described here did not have classic 
cardiogenic pulmonary edema. The peculiarity of these cases 
is that the cardiovascular history of our patients suggested a 
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cardiac variety of pulmonary edema that was excluded by the 
results of right-sided cardiac catheterization. The pulmonary 
capillary wedge pressure never exceeded 15 mm Hg during 
the acute phase in the three cases, whereas a large volume 
of pulmonary edematous fluid issued spontaneously from the 
endotracheal tube in two cases. The edematous fluid protein: 
serum protein ratio was 0.7, indicating that the edema was 
caused by increased permeability of the alveolar capillary 
membrane. 

About 12,000 patients received intravascular ioxaglate in 
our hospital during the 2 years in which these cases were 
observed. The contrast material used in the three patients 
was examined systematically, and no impurities or contami- 
nation was found. The pathogenesis of increased permeability 
of the alveolar capillary membrane caused by contrast mate- 
rial remains unclear. Two hypotheses are suggested in the 
literature: allergic or immunologic reaction and direct chemo- 
toxic or osmotic effects on vascular endothelium. Our three 
patients had received contrast material previously without any 
adverse reaction. Most likely the pulmonary abnormality was 
mediated by nonimmunologic factors, as the levels of total 
serum hemolytic complement, C3, C4, C1 esterase inhibitor, 
and histamine were normal shortly after the onset of symp- 
toms. It has been shown that contrast material can be directly 
toxic to pulmonary endothelial cells, with secondary capillary 
leakage. The rate and volume of injections and the osmolarity 
of the contrast material could account for such a mechanism, 
which may occur even with slightly hypertonic solutions like 
sodium and meglumine ioxaglate [7]. The role of dehydration 
before the procedures in increasing the osmolar effects of the 
injected solutions also should be considered [8]. Our three 
patients had a serum osmolality gap that can be attributed to 
the contrast material, and two were relativity dehydrated. 

In conclusion, we speculate that contrast-induced pulmo- 
nary edema, possibly by direct toxic effects of the contrast 
material on the pulmonary capillary membrane, should be 
suspected even in patients with a history of a compromised 
cardiovascular system. 
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Lobular Carcinoma In Situ of the 
Breast: Clinical, Pathologic, and 
Mammographic Features 





Lobular carcinoma in situ (LCIS) was diagnosed in 165 surgical specimens (119 
patients) at our institution between 1974 and 1987. LCIS was seen more often in younger 
women (mean age, 49 years) than other breast carcinomas were (mean age, 58 years). 
Sampling of a single breast revealed multifocal disease in 70% (96/138). When both 
breasts were sampled, bilateral foci were found in 50% (41/82). Of 165 breasts with foci 
of LCIS, 37% (61/165) had simultaneously occurring invasive cancers in the same 
breast. Direct mammographic-pathologic correlation of foci of LCIS was possible in 73 
breasts (67 patients). Microcalcifications were an indication for biopsy in 49% (20/41) 
of breasts with a mammographic abnormality, but were a nonspecific finding often found 
in tissues adjacent to foci of LCIS. The mammogram was normal in 44% (32/73) of 
breasts with foci of LCIS. The mammograms of patients with LCIS and those from a 
group of age-matched control subjects were compared by using a modified form of 
Wolfe’s criteria and the percentage of fibroglandular elements. LCIS was seldom found 
in an N1 breast (1% vs 29%) or in a breast with less than 25% of its parenchymal area 
occupied by fibroglandular density (3% vs 33%). Compared with the contro! group, 
breasts with LCIS had more than 50% fibroglandular density (85% vs 45%) and a much 
higher frequency of the DY pattern (56% vs 36%). More fibroglandular density was seen 
in the LCIS group at all ages. Postmenopausally, the frequencies of the DY pattern and 
fibroglandular density greater than 50% in LCIS patients were nearly double those in 
the control group. 

LCIS patients have disease of the entire breast parenchyma, characterized by multi- 
focality and bilaterality of various forms of lobular disease. Their mammograms reveal 
a higher rate of the DY pattern and higher percentages of fibroglandular or parenchymal 
density than those of age-matched controls. In LCIS patients, persistence of the DY 
pattern or large amounts of fibroglandular density postmenopausally supports the 
concept that mammographically dense breasts are a marker for increased cancer risk 
in women 50 years old and older. 
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Lobular carcinoma in situ (LCIS) is an uncommon lesion arising in the lobule of 
the breast, often diagnosed as an incidental microscopic finding in tissue removed 
for a benign lesion. Only a handful of studies correlating the mammographic and 
pathologic features of this entity have appeared in the literature. In 1966, Snyder 
[1] described these features in 27 patients. In 1969, Hutter et al. [2] included an 
additional 34 patients in their series and provided follow-up on the original study 
group. Most recently, Pope et al. [3] described the mammographic features of this 
entity in a series of 26 patients. 

In their landmark 1941 article, Foote and Stewart [4] described the pathologic 
features of a peculiar form of cancerous change arising from the lobules of the 
breast, which they termed /obular carcinoma in situ. In 1982, Hutter [5] reviewed 
his original report and summarized the combined clinical and pathologic experience 
with LCIS to that date. He stressed several pertinent clinical features of LCIS: (1) 
Multicentricity within the biopsied breast is as high as 90% in some series, with 
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simultaneous bilateral foci in as many as 33-69% [6, 7]. (2) 
Both breasts are at almost equal risk for the subsequent 
development of infiltrating cancer once LCIS has been found 
in either breast [6, 8-10]. (3) Fifty percent of patients with 
proved microscopic foci of LCIS have “normal” mammograms, 
that is, no radiographic evidence of malignancy [2, 6]. (4) The 
probability of developing subsequent infiltrating cancer is 
seven to nine times greater in patients with untreated foci of 
LCIS than in women in the general population, and the risk of 
death from breast cancer is 11 times greater [10, 11]. (5) 
When there is progression to infiltrating lobular carcinoma, 
the survival rates are approximately the same as those for 
infiltrating ductal carcinoma [12]. 

infiltrating ductal carcinoma is the most common invasive 
cancer that develops in patients with LCIS. Infiltrating lobular 
carcinoma, however, occurs much more frequently in patients 
with LCIS (35-50%) than in the general population of patients 
with breast cancer (5~10%) [13]. A synchronous association 
with invasive cancer of some type occurs in approximately 
5% of patients with LCIS [14]. 

In a recent review article, Frykberg et al. [14] summarized 
the clinical, pathologic, and radiologic findings in LCIS. They 
noted that many authors consider LCIS a “marker lesion” for 
the future development of invasive cancer, with the entire 
breast parenchyma at risk. Others believe that individual foci 
of LCIS progress to invasive disease (the “transition” theory). 
Regardless of the means of progression from in situ to 
invasive disease, the advantages of early mammographic 
detection of LCIS are obvious. At the present time, preoper- 
ative detection of LCIS is not possible, since no specific 
mammographic features of this entity have been identified. 

With hopes of being able to identify specific mammographic 
features or predictors of LCIS, we sought to analyze the 
clinical and pathologic data in the largest series of patients 
with LCIS to date, perform radiologic-pathologic correlation 
in breasts with foci of LCIS, and compare the mammographic 
findings in breasts with LCIS with those of age-matched 
controls. 


Materials and Methods 
Clinical and Pathologic Data Accumulation and Analysis 


Computerized surveys of tumor registry data at our institution 
were analyzed for the years 1974-1987 for the diagnosis of LCIS in 
both breast biopsy and mastectomy specimens. The pathology re- 
sults were reviewed for each case. The hospital record of each 
patient was reviewed for clinical history, demographic data, physical 
findings, and reason for breast biopsy. 

In order to determine the mammographic presentation of pure 
LCIS, the final study group was selected on the basis of pathologic 
data. All patients with the pathologic diagnosis of LCIS were included 
to determine demographic data. Those cases in which the initial 
diagnosis of LCIS was associated with invasive carcinomas were 
excluded from the final study group. 


Radiologic-Pathologic Correlation 


Mammograms, xeromammograms., needle localizations, specimen 
radiographs, and original radiology reports were then correlated with 
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the pathology data. In an attempt to identify the more common 
presentations of LCIS, each breast with at least one focus of LCIS 
was assigned to one of six categories based on its mammographic 
features: (1) microcalcifications alone; (2) microcalcifications with 
added or increased density; (3) mass alone, suggestive of malignancy; 
(4) mass alone, not suggestive of malignancy; (5) added density or 
asymmetry of parenchyma; and (6) no mammographic abnormality. 
When a discrete mammographic abnormality was present, that ab- 
normal area was specifically identified and its presence confirmed by 
needie-directed biopsy and/or specimen radiography. 

As has been done previously [1], the morphologic appearance of 
microcalcifications on the original mammograms or xeromammo- 
grams was described in cases of microcaicifications alone or micro- 
calcifications with added or increased parenchymal density. 


Comparison of LCIS Mammograms with Those of 
Age-Matched Control Subjects 


In an attempt to identify similarities among parenchymal patterns 
in the LCIS group, the mammograms of the 67 LCIS patients were 
compared with those from a set of age-matched control subjects 
who underwent screening mammography. Parenchymal patterns 
were described by using Wolfe's criteria [15] and a separate classi- 
fication scheme based on the percentage of the breast occupied by 
fibro-glandular density (0-25%, 26-50%, 51-75%, 76-100%). Since 
not all breasts could be easily assigned to one of the four original 
categories described by Wolfe, a modified form of these criteria was 
used in which parenchymal patterns were defined as: N1 = fatty 
replaced breast; P1 = mostly fatty with less than 25% prominent 
duct pattern; P2 = prominent duct pattern involving more than 25% 
of breast; DY = sheetlike areas of increased density; P2/DY = P2 
pattern with large amounts of added density; and DY/N1 = large 
amounts of added density not occupying entire breast, no evidence 
of prominent ducts. By using these two separate classification 
schemes, we avoided subjective mammographic interpretation based 
on degrees of severity of fibrocystic changes. 

Parenchymal patterns and percentages of fibroglandular density 
seen on LCIS mammograms were compared with those on contro! 
mammograms and correlated with pathology results. Although path- 
ologic findings in LCIS breasts could be described in terms of severity, 
multifocality, and bilaterality, they could not be quantified by using 
the control group as a reference point, since random sampling of 
breast material from this group was not possible. 


Results 
Clinical and Pathologic Data Analysis 


For the study period 1974-1987, the diagnosis of LCIS 
was made in a total of 165 breasts (119 patients) from biopsy 
or mastectomy specimens. LCIS alone (not associated with 
another malignancy) was the original diagnosis in 104 of the 
165 breasts sampled. The average age at diagnosis was 49 
years (range, 26-81 years). 

When both breasts were sampled either by mirror-image 
biopsy or contralateral mastectomy in a patient with LCIS in 
one breast, the disease was found to be bilateral in 50% (41/ 
82). When an entire breast was sampled for biopsy-proved 
LCIS, multifocal disease was found in 70% (96/138). 

Of 165 breasts with foci of LCIS, 61 (87%) had invasive 
cancers at the time of diagnosis. These were most commonly 
infiltrating ductal carcinomas and next most commonly infil- 
trating lobular carcinomas. 
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Radiologic-Pathologic Correlation 


A total of 104 breasts had foci of LCIS alone. Direct 
radiologic-pathologic correlation of foci of LCIS was possible 
in 73 of these breasts (67 patients). Each breast was assigned 
to one of six categories depending on its mammographic 
features. The majority of breasts with LCIS (56%) were found 
to exhibit one of the first five mammographic abnormalities 
used in this study (Table 1). 

No specific mammographic features of LCIS could be iden- 
tified. The presence of microcalcifications, either alone or 
associated with an area of added or increased density, was 
the most common indication for biopsy in those breasts with 
a mammographic abnormality (20/41 or 49%). No mammo- 
graphic abnormalities were detected preoperatively in 44% of 
breasts (32/73) with single or multiple foci of LCIS. 

In prior reports, the most common presenting problem in 
patients with LCIS was that of a mass in the breast [14]. In 
our series, 59% (19/32) of breasts with no mammographic 
abnormality had palpable masses (Table 2). Taken together, 
palpable abnormalities, mammographically detected masses, 
and areas of added density accounted for 68% (50/73) of all 
presenting symptoms. 

Of those breasts not included in the final study group, those 
that contained areas of infiltrating ductal or intraductal carci- 
noma in addition to LCIS typically demonstrated coarse and 
irregular microcalcifications on mammography. When biopsies 
were done, LCIS was usually found in areas adjacent to the 
invasive cancer in a background of atypical lobular or ductal 
hyperplasia. 

Radiologic-pathologic features are detailed below for each 
of the six categories of mammographic findings. 


TABLE 1: Mammographic Indications for Biopsy in 67 Patients 
Found to Have Lobular Carcinoma In Situ 





Mammogram No. of Breasts (%) 

Microcalcifications alone, no added 

density 10 (14) 
Microcalcifications with added or in- 

creased density 10 (14) 
Mass alone, suggestive of malignancy 6 (8) 
Mass alone, not suggestive of malig- 

nancy 11 (15) 
Added density or asymmetry of pa- 

renchyma 4 (5) 
No radiologic findings 32 (44) 

Total 73 (100) 





TABLE 2: Indications for Biopsy in 32 Breasts Without 
Mammographic Abnormalities 


indication No. of Breasts (%) 
Palpable abnormalities 19 (59) 
Reduction mammopiasty 6 (19) 
Contralateral breast with proved lobu- 
lar carcinoma in situ 5 (16) 
Bloody nipple discharge 2 (6) 
Total 32 (100) 
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Microcalcifications alone.—Ten breasts had solitary clus- 
ters of microcalcifications. Needle localization of the suspi- 
cious area was performed in eight cases. The number and 
distribution of microcalcifications varied (Table 3). Several 
breasts had tight clusters of punctate and irregular microcal- 
cifications, whereas in others the microcalcifications were 
scattered throughout a larger area. Microscopically, these 
microcalcifications were most often seen in areas of scleros- 
ing adenosis and/or apocrine metaplasia. Foci of LCIS were 
found in adjacent tissues, usually in areas of significant atyp- 
ical lobular and ductal hyperplasia. Microcalcifications were 
rarely identified within the actual foci of LCIS. 

Snyder [1] originally described the “stippled” type of micro- 
calcifications thought to be typical of LCIS as “minute punc- 
tate or linear flecks, 3 or more in number, and arranged 
randomly in a group, sometimes fading in distinctness at the 
periphery.” These types of clustered, punctate microcalcifi- 
cations were identified on a single mammogram in this group 
(Fig. 1). 

Microcalcifications with added or increased density.— Ten 
breasts had clusters of microcalcifications in an area of in- 
creased density or within a poorly defined mass. Preoperative 
mammograms were highly suggestive of malignancy. Needle 
localization of the suspicious area was performed in seven 
cases (Table 4). 

The added density seen in these cases most commonly 
represented areas of fibrocystic mastopathy (Fig. 2). Foci of 
sclerosing adenosis and/or apocrine metaplasia were fre- 
quently seen, often in a background of atypical lobular and 
ductal hyperplasia. In one case, two smooth, benign-appear- 
ing microcalcifications were seen in an area of added density. 
Needle-directed biopsy revealed multifocal LCIS, sclerosing 
adenosis, and atypical ductal and lobular hyperplasia with 
microcalcifications adjacent to a small fibroadenoma. Five of 
the 10 breasts in this group demonstrated the punctate, 
clustered (stippled) microcalcifications thought at one time to 
be typical of LCIS [1]. 

Mass alone, suggestive of malignancy.—In three breasts, 
suspicious masses were characterized by smudged or incom- 
plete borders on mammography or xeromammography. In 
one of these cases, LCIS was found in the wall of a benign 
cyst. Another mass with incomplete borders was found to 
represent multiple cysts with an adjacent single microscopic 
focus of LCIS. 

Three other breasts had either spiculated or lobulated 
masses on preoperative mammography. One of these cases 
had a single area of microscopically invasive lobular carcinoma 
in a background of multifocal LCIS and atypical lobular hy- 
perplasia. This case was included to demonstrate that florid 
lobular disease with minimal microscopic foci of invasion may 
present as a spiculated mass. 

A second spiculated mass consisted of multifocal LCIS in 
a background of atypical lobular hyperplasia. There was no 
evidence of microscopic invasion in this case. A third patient 
had a lobulated mass in a background of severe fibrocystic 
changes that was found to represent multifocal LCIS within 
an area of microcysts and focal fibrocystic mastopathy. 

Mass alone, not suggestive of malignancy.—Benign-ap- 
pearing masses were seen on mammography in 11 breasts. 
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TABLE 3: Number, Concentration, and Morphology of Microcalcifications Seen on Preoperative 
Mammograms in Patients with Findings of Microcalcifications Alone 





Mammographic Findings 


Specimen Rg ee re cee on ee ees tee ee ee Pathologic 
No. Arrangement of NO. of Calcifications Morphol Findings 
Calcifications Per Cluster Per cm? ii 
1 Solitary cluster 10-12 <5 Rounded, var- Two foci of LCIS, 
lous sizes FCC, SA, ALH 
2 Solitary cluster 8 >5 Short, linear One focus of LCIS, 
FCC, AM, ALH, 
microscopic FA 
3 Scattered in a 20-25 <5 Rounded, linear, One focus of LCIS, 
quadrant small ALH, borderline 
ADH 
4 Scattered in a 25-30 <5 Rounded and ir- Three foci of LCIS, 
quadrant regular, var- marked FCC, 
ious sizes AM, SA, fat ne- 
crosis 
5 Solitary cluster 8-10 >5 Rounded andir- One focus of LCIS, 
regular, var- AM, SA, ALH, 
ious sizes ADH 
6 Multiple clusters 20-25 >5 Punctate, stip- Three foci of LCIS, 
pled marked ALH, SA 
7 Solitary cluster 10-12 >5 Short, linear, and Multifocal LCIS, 
rounded, var- marked LA, 
ious sizes FCC, AM 
8 Scattered in a 30-40 <5 Short, linear, and Multifocal LCIS, 
quadrant rounded, var- microcalcifica- 
ious sizes tions in foci of 
LCIS, ALH, 
ADH, FCC 


E I ere a NARI I HS I EECA ETS EA AA GIA NTO LE NO TE LL a TY 
Note.—-Specimens were obtained with needle localization. LCIS = lobular carcinoma in situ; FCC = fibrocystic 
changes; SA = sclerosing adenosis; ALH = atypical lobular hyperplasia; AM = apocrine metaplasia; FA = fibroadenoma; 


ADH = atypical ductal hyperplasia; LA = lobular atypia. 





Fig. 1.—Microcaicifications alone (specimen 
6 in Table 3). Cluster of microcalcifications 
suggestive of malignancy was found on a base- 
line mammogram of a 44-year-old woman. 
Needle localization was performed. Specimen 
radiograph shows area of stippled microcaicifi- 
cations adjacent to wire. These types of micro- 
calcifications were thought at one time to be 
typical for lobular carcinoma in situ (LCIS). Spec- 
imen contained foci of LCIS and sclerosing ad- 
enosis in a background of marked lobular atypia. 
Microcaicifications were found in areas of scle- 
rosing adenosis and in adjacent normal lobules. 


Fig. 2.——Microcalcifications with added or in- 
creased density (specimen 4 in Table 4). Mag- 
nified view of cluster of microcalcifications with 
area of added density (arrow) in inferomedial 
aspect of right breast of 57-year-old woman. 
Biopsy revealed a single microscopic focus of 
lobular carcinoma in situ (LCIS) in an area of 
fibrocystic mastopathy. Microcalcifications were 
present in fibrocystic areas and in adjacent nor- 
mai lobules but not within focus of LCIS. 


In five cases, biopsy revealed fibroadenomas either adjacent 
to or intimately associated with foci of LCIS. Of these five 
cases, two had foci of LCIS within fibroadenomas. In the third 
case, an atypical hyalinizing fibroadenoma containing stromal 
hypercellularity and ductal hyperplasia was found in an area 


of atypical lobular hyperplasia and LCIS. In the remaining two 
cases, multifocal LCIS was found adjacent to fibroadenomas 
in areas of atypical lobular hyperpiasia. 

In the other six cases, mammographically benign-appearing 
masses were seen preoperatively in breasts demonstrating 
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TABLE 4: Number, Concentration, and Morphology of Microcalcifications Seen on Preoperative Mammograms in Patients with 


Findings of Microcalcifications and Added or Increased Density 





Mammographic Findings 











ie ial Arrangement of No. of Calcifications ià Pathologic Findings 
Calcifications 2 orphology 
Per Cluster Per cm 
1 Solitary cluster 12-20 >5 Punctate, stippled Multifocal LCIS, sig- 
nificant ALH, SA, 
AM, FCC 
2 Scattered clusters 8-10 >5 Punctate, short, linear Multifocal LCIS, AM, 
pagetoid extension 
into terminal ducts 
3 Scattered clusters 5-10 >5 Punctate, multiple, Multifocal LCIS, 
rounded ALH, SA, AM 
4 Focal cluster 6-10 >95 Rounded, short, linear Single focus of LCIS, 
FCM, ADH, bor- 
derline LA 
5 Solitary cluster 8-12 >5 Flocculent, cloudlike Multifocal LCIS, SA, 
AM, ALH 
6 Solitary cluster 2 <5 Smooth, rounded Multifocal LCIS, 
FCC, pagetoid ex- 
tension into termi- 
nal ducts 
7 Solitary cluster 6-8 >5 Punctate, stippled SA, FCC, microcalci- 


fications adjacent 
to FA, ADH 





Note.—Specimens were obtained with needle localization. LCIS = lobular carcinoma in situ; ALH = atypical lobular hyperplasia; SA = sclerosing adenosis; AM 
= apocrine metaplasia; FCC = fibrocystic changes; FCM = fibrocystic mastopathy; ADH = atypical ductal hyperplasia; LA = lobular atypia; FA = fibroadenoma. 


moderate to severe fibrocystic changes. Foci of LCIS were 
found in areas of fibrocystic change with macrocyst and 
microcyst formation (Fig. 3). 

One patient with bilateral, multifocal LCIS had multiple 
benign-appearing masses in one breast and a solitary benign- 
appearing mass in the other breast. The multiple masses 
were areas of macrocyst formation with associated foci of 
LCIS. The solitary mass in the contralateral breast repre- 
sented the atypical hyalinizing fibroadenoma described above. 

Added density or asymmetry of parenchyma.—Added den- 
sity or areas suggestive of asymmetric parenchyma were 
seen on sequential mammograms in four breasts (Fig. 4). In 
two cases of malignant-appearing spiculated masses in one 
breast, areas of poorly defined density or asymmetric paren- 
chyma were seen in the other breast. The first patient had 
invasive lobular carcinoma in a background of atypical lobular 
hyperplasia and multifocal LCIS manifesting as a spiculated 
mass in one breast. Biopsy of the other breast in an area of 
added density demonstrated multifocal LCIS without micro- 
scopic evidence of invasion. 

The second patient had an infiltrating ductal carcinoma 
manifesting as a spiculated mass in one breast. Biopsy of the 
suggestive area of added density in the other breast revealed 
a single focus of LCIS in a background of atypical ductal 
hyperplasia. 

One patient with invasive lobular carcinoma and multifocal 
LCIS in one breast and a mirror-image biopsy negative for 
malignancy in the contralateral breast opted for yearly mam- 
mographic follow-up of the unresected breast. On the first 
follow-up examination, a new area of added density was 
noted in the upper inner quadrant of her remaining breast. 
Biopsy of this area revealed multifocal LCIS. 





A B 


Fig. 3.—Mass alone, not suggestive of malignancy. 

A and B, Craniocaudal (A) and mediolateral (B) views of left breast of 
asymptomatic 60-year-old woman show benign-appearing nodule (ar- 
rows), thought to represent a cyst or fibroadenoma. Biopsy revealed a 
single focus of lobular carcinoma in situ in area of fibrocystic mastopathy. 


No radiologic abnormalities.—Biopsies of 32 breasts with 
at least one focus of LCIS and no radiologic findings were 
done for various reasons (Table 2). The most common indi- 
cation for biopsy in this group was the presence of a palpable 
abnormality in one breast or in both breasts in the same 
patient. 
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Fig. 4.—Added density or asymmetry of parenchyma. 


A and B, Direct comparison of both breasts in mediolateral (A) and craniocaudal (B) projections shows area of asymmetric added density with adjacent 
benign-appearing calcification (arrows) in upper outer quadrant of left breast in this 56-year-old woman. 
C, Magnified view of specimen radiograph. Added density (arrows) seen adjacent to benign-appearing calcification was area of atypical lobular and 


ductal hyperplasia with foci of lobular carcinoma in situ. 


Fifteen patients with palpable abnormalities had markedly 
dense breasts on preoperative mammography. Three patients 
with bilateral palpable masses had bilateral multifocal LCIS. 

Five patients with proved LCIS in one breast had mirror- 
image biopsies that were positive for malignancy in mammo- 
graphically normal breasts. Two patients had bloody nipple 
discharge and normal mammograms. Biopsy specimens typ- 
ically showed intraductal papillomas, duct ectasia, periductal 
mastitis, and foci of LCIS. Four patients with normal mam- 
mograms underwent reduction mammoplasty. Bilateral mul- 
tifocal LCIS was found in two of these patients. The other 
two patients had unilateral multifocal LCIS, but both contra- 
lateral reduction mammoplasty specimens showed diffuse 
moderate to severe lobular atypia. 


Comparison of LCIS Mammograms with Those of 
Age-Matched Control Subjects 


The LCIS mammograms and those from a group of age- 
matched control subjects who underwent screening mam- 
mography were compared by using a modified form of Wolfe's 
parenchymal pattern classification (Fig. 5) and a separate 
classification scheme based on the percentage of the breast 
occupied by fibroglandular density (Fig. 6). 

Breasts with LCIS tended to have greater than 50% fibro- 
glandular density compared with the control group (85% vs 
45%), with a higher prevalence of the DY pattern (56% vs 
36%). Also, LCIS was rarely seen in an N1 breast (1% vs 
29%) or in a breast with less than 25% fibroglandular density 
(3% vs 33%). There were, however, two exceptions to this 
trend. In one case, LCIS was found as an added parenchymal 
density in a fatty replaced breast (Wolfe’s N1 pattern) in a 
patient with an obvious infiltrating ductal carcinoma in the 
contralateral breast. The other case had an added density 
with microcalcifications suggestive of an infiltrating ductal 
carcinoma in a mostly fatty-replaced breast with mildly prom- 
inent ducts (Wolfe's P1 pattern). 


The percentage of breasts from each group with DY pat- 
terns (Fig. 7), with greater than 50% fibroglandular density 
(Fig. 8), and with less than 50% fibroglandular density (Fig. 9) 
were plotted against age. The breasts with LCIS tended to 
have higher percentages of fibroglandular density over the 
entire age range of the study. The frequency of the DY pattern 
in postmenopausal patients with LCIS was nearly double that 
of the control group (30% vs 16%). The frequency with which 
greater than 50% parenchymal density was present on mam- 
mograms after age 50 was also significantly higher in the 
patients with LCIS than in the control group. Conversely, 
fewer breasts with less than 50% fibroglandular density had 
LCIS compared with the control group. 
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Fig. 5.—Percentages of breasts in lobular carcinoma in situ (LCIS) and 
control groups vs parenchymal patterns (n = 73 in each group). N1 = fatty 
replaced breast; P1 = mostly fatty with less than 25% prominent duct 
pattern; P2 = prominent duct pattern involving more than 25% of breast; 
P2/DY = P2 pattern with large amounts of added density; DY/N1 = large 
amounts of added density not occupying entire breast, with no evidence 
of prominent ducts; DY = sheetlike areas of increased density. 
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Fig. 6.—Percentages of breasts in lobular carcinoma in situ (LCIS) and 
control groups vs percent fibroglandular density (n = 73 in each group). 
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Fig. 7.—Percentages of breasts with any type of DY parenchymal 
pattern vs age in lobular carcinoma in situ (LCIS) and control groups (n = 
73 in each group). DY parenchymal patterns include DY, sheetlike areas 
of increased density; P2/DY, P2 pattern with large amounts of added 
density; and DY/N1, large amounts of added density not occupying entire 
breast, with no evidence of prominent ducts. 


Discussion 


One of our goals in undertaking this study was to add to 
the body of accumulated data on LCIS by describing the 
clinical, pathologic, and mammographic features of this entity 
in a series of patients diagnosed at our institution over a 13- 
year period. We had also hoped to be able to retrospectively 
identify specific mammographic features or predictors of LCIS 
that might lead to earlier diagnosis and treatment of this 
entity. Although we were unable to identify any diagnostic 
mammographic features of LCIS, analysis of the data reaf- 
firmed previously reported clinical, pathologic, and mammo- 
graphic features of this neoplasm. 


Clinical and Pathologic Data 


As in previous reports, LCIS was diagnosed more com- 
monly in younger women (mean age, 49 years) than other 
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Fig. 8.—Percentages of breasts with greater than 50% fibroglandular 
density (FGD) vs age in lobular carcinoma in situ (LCIS) and control groups 
(n = 73 in each group). 
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Fig. 9.—Percentages of breasts with less than 50% fibroglandular 
density (FGD) vs age in lobular carcinoma in situ (LCIS) and control groups 
(n = 73 in each group). 


breast carcinomas diagnosed at our institution during the 
same time period (mean age, 58 years). The rates of multifo- 
cality (70%) and bilaterality (50%) of disease were consistent 
with values reported previously in the literature [2, 7-9, 14, 
16]. The association of LCIS with simultaneously occurring 
invasive cancers was also seen in our patients, although at a 
much higher rate (36%) than that typically quoted in the 
literature (approximately 5%) [14]. 


Radiologic-Pathologic Correlation 


Radiologic-pathologic data underscore the important con- 
cept that LCIS is often present in the absence of mammo- 
graphic findings. A substantial percentage (44%) of breasts 
in our series with unifocal or multifocal LCIS had no significant 
abnormalities on mammography. 

Of those breasts with a mammographic abnormality, the 
majority presented with microcalcifications of various types. 
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The appearance of clustered, punctate, or stippled microcal- 
cifications has been associated with LCIS in prior reports [1]. 
Others have found no distinctive morphologic features of the 
microcalcifications found in areas of LCIS [2, 3]. Radiologic- 
pathologic correlation failed to demonstrate any relationship 
between the punctate, clustered type of microcalcifications 
and foci of LCIS. As in previous studies, microcaicifications 
led to biopsy in the majority of cases in which LCIS was 
discovered, but they were not specifically diagnostic or pa- 
thognomonic. They are best described as cancer-associated 
microcalcifications, since they are typically found in tissue 
near a focus of LCIS and rarely within it [2]. 

When benign or suspicious clusters of microcalcifications 
(with or without added densities) were biopsied, LCIS was 
often found adjacent to areas of sclerosing adenosis or apo- 
crine metaplasia. In fact, 12 of the 20 breasts with isolated 
LCIS that were biopsied for the presence of microcalcifica- 
tions had foci of sclerosing adenosis or apocrine metaplasia 
or both in corresponding tissue specimens. The apparent 
association in our series between LCIS and sclerosing aden- 
osis is a reflection of the lobular origin of these processes. 
The microcalcifications were merely present in tissue bearing 
a type of lobular abnormality (sclerosing adenosis), and when 
that tissue was sampied, another lobular process (LCIS) was 
discovered. As Egan [17] has stated, “Sclerosing adenosis 
has a lobular distribution, but so does lobular carcinoma in 
situ.” 

An additional observation was made from the data regard- 
ing the association of LCIS with fibroadenomas. It has been 
previously reported that the majority of carcinomas (60%) 
found within fibroadenomas are foci of LCIS [18]. In our 
series, five patients were found to have fibroadenomas with 
contiguous areas of LCIS; three patients had foci of LCIS 
extending into fibroadenomas; and two patients had subclin- 
ical (microscopic) fibroadenomas arising in areas of fibrocystic 
mastopathy, atypical lobular hyperplasia, and LCIS. Although 
our data seem to support the association of LCIS with fibroad- 
enomas, we must emphasize the serendipitous nature of 
these findings. The discovery of LCIS within or adjacent to 
fibroadenomas in our series was in fact the result of the 
removal of a clinical lesion (fibroadenoma) in which incidental 
microscopic foci of LCIS were found. The association of LCIS 
with fibroadenomas most likely reflects the common lobular 
origin of these processes, similar to the association of LCIS 
with sclerosing adenosis. The true prevalence of carcinomas 
within fibroadenomas is so low as to be clinically irrelevant. 


Comparison of LCIS Mammograms with Those of 
Age-Matched Control Subjects 


For the entire age range of the study, there was a tendency 
for the DY pattern to occur more often in LCIS patients than 
in the control group (Fig. 7). This observation was described 
most recently by Pope et al. [3]. In their series of 26 patients 
with LCIS, 22 had either a DY or P2 parenchymal pattern. 
The remaining four breasts had a P1 pattern, and no N1 
patterns were seen. 
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The relationship of in situ breast cancers to parenchymal 
patterns was addressed by Wolfe et al. [19] in their analysis 
of a series of 332 incident breast carcinomas. They found the 
rate of in situ forms of breast cancer (intraductal, LCIS, and 
combinations thereof) to be highest in patients with the DY 
pattern, with less frequent but identical rates in the P1 and 
P2 groups. In their series, as in ours, those patients with a 
DY pattern and noninvasive disease were diagnosed at a 
younger age than those with invasive disease. 

Although the data in the literature are conflicting, it has 
been stated that the DY pattern is the least frequently ob- 
served mammographic pattern after 30 years of age, and is 
observed even less frequently after age 50 (20, 21). DeWaard 
et al. [22] noted a gradual decline in the DY and prominent 
duct patterns in the postmenopausal years in their series of 
23,431 women, with an unexplained second peak occurring 
after age 60. In our study (Fig. 7), the percentage of breasts 
with the DY pattern in patients with LCIS older than 50 (30%) 
was nearly double that of the controls (16%). 

Similar observations were made in analysis of the percent- 
age of breasts with given amounts of fibroglandular density 
in the LCIS and control groups (Fig. 6). Percentage of fibro- 
glandular density for both groups was also plotted against 
age (Figs. 8 and 9). Whereas 55% of mammograms of control 
subjects had less than 50% fibroglandular density, only 15% 
of mammograms of patients with LCIS had similar amounts. 
indeed, the majority (85%) of patients with LCIS had greater 
than 50% fibroglandular density on mammograms, similar to 
the results obtained for the groups with DY parenchymal 
patterns (Fig. 5). 

The parenchymal patterns and percentages of fibroglan- 
dular density seen on mammography were correlated with 
findings on pathologic examination of removed breast tissue. 
Breasts from the group with LCIS (particularly those with the 
DY pattern or with greater than 50% fibroglandular density) 
showed a propensity for bilaterality and multifocality of various 
forms of lobular disease. Sclerosing adenosis, fibroadenom- 
atoid mastopathy, and the full spectrum of epithelial changes 
from lobular hyperplasia to LCIS were found repeatedly in 
pathologic specimens. 

These findings lend further support to the thesis that pa- 
tients with LCIS have a disease of the entire breast paren- 
chyma, characterized in this study by higher percentages of 
fibroglandular density for age, a higher rate of the DY pattern 
compared with that of control subjects, and the almost invar- 
lable spectrum of multifocal lobular abnormalities seen in 
biopsy specimens. 

The higher rate of the DY patterns and the higher percent- 
ages of fibroglandular density observed on mammograms of 
patients with LCIS are too nonspecific to be helpful in pre- 
dicting whether or not a patient might have unrecognized foci 
of this disease, especially in the premenopausal age group. 
Another observation was made, however, regarding the re- 
lationship of parenchymal patterns and fibroglandular density 
with age. Unusual persistence of the DY pattern or large 
amounts of fibrogilandular density in the postmenopausal 
(>age 50) patients with LCIS may be additional proof that 
mammographically dense breasts are a marker for increased 
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cancer risk in women 50 years old and older [21], although 
the magnitude of that risk is probably small and may not be 
independent of other better-known markers of risk for breast 
cancer. Therefore, the only possible practical application of 
our data in detecting LCIS on preoperative mammograms is 
limited to the postmenopausal age group and is already a 
recognized marker for increased cancer risk in this population. 

Despite the numerous technical advances in mammography 
since LCIS was first described by this method in 1966 [1], 
there appears to be little to offer in terms of mammographic 
analysis to aid in the preoperative detection of LCIS. It is 
interesting to note that, based on their experience over 40 
years ago, Foote and Stewart [4] stated that a clinical diag- 
nosis of LCIS could not be made. They openly discussed their 
inability to recognize LCIS reproducibly in gross specimens. 
if we consider the mammogram a reflection of gross breast 
pathology, it is not surprising that there are few, if any, reliable 
mammographic indicators of its presence. 
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Book Review 





Clinical Radiology of the Breast. By Eric J. Roebuck. Oxford, England: Heinemann (distributed by Butterworths, 


Stoneham, MA), 273 pp., 1990. $75, softcover 


This thin, softcover textbook from England intends to provide a 
general review of the clinical practice of mammography. The author 
emphasizes that it is not meant to compete with the excellent atlases 
that illustrate in detail the mammographic and sonographic findings 
of normal variants and pathologic processes. The emphasis is fo- 
cused clearly on the major issues of screening and the management 
of the symptomatic patient. 

The book has 12 chapters, 11 written by the author. The first 
chapter, on management of breast cancer, is written by his surgical 
colleague from the Nottingham breast team. In this first chapter, 
American readers will notice some differences in the approach to 
screening and management of breast cancer from what is generally 
accepted practice in the United States. For economic reasons, 
screening mammography is not offered to premenopausal women, 
and subcutaneous mastectomy still is advocated. The chapter has 
only a cursory discussion of radiation and medical adjunctive therapy. 
For a surgeon to state that the reasonable ratio of benign to malignant 
biopsy specimens from a mammography screening program should 
be 2:1 seems presumptuous when the positive predictive value for 
palpable masses in the largest surgical series published was 16%, or 
a ratio of 6:1. 

A brief chapter on normal developments and their implications 
covers first embryology and then mammographic change from pu- 
berty through the adult state to involution. The next chapter covers 
normal variants in some detail, with an attempt to correlate the 
mammographic and histologic findings. The generic term aberration 
of normal development and involution (ANDI) is introduced here, and 
the chapter has a good description of the spectrum of mammographic 
findings, ranging from the normal variant to benign breast disease. A 
plea is made both here and in a later chapter on mammographic 
signs and the radiology report to standardize radiologic nomenclature 
on benign breast changes. The next chapter curiously is titled “Dan- 
gers of Mammography and Some Benefit” and concludes that a 
favorable benefit-to-risk ratio for mammography exists for women 
who are more than 30 years old. Chapter 5 addresses the basic 
principles of breast imaging, with strong emphasis on the technical 
aspects of film-screen mammography and only a cursory discussion 
of other techniques. This is supplemented by subsequent chapters 
on sonomammography and on positioning for radiographs, including 
needie localization of nonpalpabie lesions. 


Short shrift is given to mammographic signs. The book has 11 
pages on calcifications and five pages on masses, with somewhat 
limited illustrations. A short section on quality assurance in reading 
and interpretation (terms that are defined carefully and are not used 
interchangeably in this text) complete this chapter. 

Chapter 9 discusses risk factors, including histologic changes from 
cellular atypia to lobular carcinoma in situ, which are designated the 
biologic “border lands." The term “high chance area’ is introduced, 
and the hypothesis is offered that this can be identified by using a 
combination of mammographic signs. A prospective trial is in prog- 
ress, and if these nonmalignant changes can be shown to signify 
increased risk for the development of cancer, this will have a positive 
impact on the management of patients who have these changes. The 
chapter concludes with a discussion of several types of breast cancer 
and their mammographic appearance. The next two chapters cover 
the mammographic team and the workup of the symptomatic patient. 
The concluding chapter discusses in some detail screening philoso- 
phy and results and offers a series of rather complex algorithms 
arrived at by consensus of the radiologist, surgeon, and pathologist. 

This easily read book provides a good review of the field, yet is 
concise and relatively complete. The organization is not always 
logical, and some redundancy occurs. The book lends itself better to 
reading in its entirety rather than as a reference work, particularly as 
the index is incomplete. When compared with Breast Imaging, by 
Daniel B. Kopans, a less expensive and more readily available text- 
book in the United States, it falls significantly short in several areas. 
The reproductions of the mammograms in the Roebuck text are 
definitely inferior, particularly when they are meant to demonstrate 
calcifications. The Kopans text is more comprehensive and much 
better organized, its references are more complete, the writing is 
more authoritative, and the index is much more useful. Therefore, | 
can recommend this book only to those readers who would like to 
broaden their professional horizon by being exposed to a somewhat 
different perspective on this timely subject. 


Herbert F. Gramm 

New England Deaconess Hospital 
Harvard Medical School 

Boston, MA 02215 


Deborah Rubens’ 
Saara Totterman' 
Anna K. Chacko’? 
Kamal Kothari? 
Wende Logan-Young’ 
Jerzy Szumowski’ * 
Jack H. Simon’ ® 
Elizabeth Zachariah’ 


Received September 24, 1990; accepted after 
revision February 15, 1991. 


This work was supported by Berlex Laborato- 
ries, Wayne, NJ. Pulse sequence development was 
supported in part by a Seed Grant Award from the 
Radiological Society of North America to J. Szu- 
mowski. 


* Department of Radiology, University of Roch- 
ester School of Medicine and Dentistry, 601 Elm- 
wood Ave., Rochester, NY 14642. Address reprint 
requests to D. Rubens. 


* Present address: Department of Radiology. 
Letterman Army Medical Center, Presidio of San 
Francisco, CA 94129-6700. 


* Ridgewood Diagnostic Imaging, 3101 W. Ridge 
Rd., Rochester, NY 14626. 


* Breast Clinic of Rochester, 1351 Mt. Hope 
Ave., Rochester, NY 14620. 


ê Present address: Department of Radiology, 
The Oregon Health Sciences University, 3181 S.W. 
Sam Jackson Park Rd., Portland, OR 97201. 


6 Present address: MRI, University of Colorado 
Health Sciences University, 4200 E. Ninth Ave., 
Denver, CO 80262. 


7 492 Portlock Rd, Honolulu, Hi 96825. 


0361-803X/91/1572-0267 
© American Roentgen Ray Society 





267 


Gadopentetate Dimeglumine- 
Enhanced Chemical-Shift MR 
Imaging of the Breast 





Standard T1-weighted MR images enhanced with gadopentetate dimeglumine show 
relatively minimal enhancement of breast lesions due to the high background signal 
from fat in the breast. Strongly enhancing lesions may become isointense relative to the 
fat signal and become invisible or indistinct after contrast administration. Fat-sup- 
pressed chemical-shift imaging (CSI) combined with administration of gadopentetate 
dimeglumine improves lesion detection and characterization in other areas of the body 
where a strong lipid signal is present. We evaluated this technique in the breast. Twenty 
patients with mammographic lesions were studied with standard unenhanced T1- and 
T2-weighted images and enhanced T1-weighted images, as well as with CS! before and 
after administration of gadopentetate dimeglumine. The series were ranked independ- 
ently for border and matrix characteristics, The border was assessed for 2 smooth, 
irregular, or spiculated margin. The matrix or internal substance was evaluated for 
visibility and type of enhancement, homogeneous or inhomogeneous. The enhanced 
CSI images were superior to all other images in the depiction of border and matrix 
characteristics. Of 20 patients, a corresponding mass was detected on MR in 14. In two 
of the 14 patients, the lesion was seen only on the enhanced CS! images. Chemical- 
shift artifacts on enhanced T1-weighted images obscured border detail in several cases. 

Enhanced CSI improves visualization of breast lesions as compared with conventional 
MR imaging with or without enhancement. The enhanced CS! technique produces 
differential enhancement between glandular tissue and lesions while suppressing the 
signal from fat. This improves the visualization of border and matrix characteristics and 
depicts lesions that otherwise might be obscured. 
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Recent articles show significant enhancement of carcinomas of the breast after 
IV injection of gadopentetate dimeglumine [1, 2]. In one series, 20% of lesions 
were detected only because of the tumor enhancement [1]. On some enhanced 
breast images, the abnormal tissue became isointense relative to surrounding fat 
[1, 2]. This causes a problem because the borders of the lesion become indistinct 
and small or infiltrating lesions that blend in with the fat may go undetected. Breast 
lesions are unique in that they may be bordered by glandular tissue, fat, or a 
combination of the two. An optimal imaging technique must provide maximal 
contrast between the lesion, the fat, and the surrounding normal glandular tissue. 
Studies evaluating lipid suppression with chemical-shift (CSI) MR imaging have 
shown improvement at fat/soft-tissue interfaces in the orbit [3], pelvis [4], and 
musculoskeletal system [5]. The hybrid method of CSI increases the dynamic range 
of the gray scale, which accentuates water contrast differences [6]. The combina- 
tion of CSI with paramagnetic contrast material enhancement [7] should improve 
lesion visibility in the breast, both by eliminating the strong background signal from 
the lipid and by expanding the effective gray scale of water. 


Materials and Methods 


MR images of the breast were obtained in 32 women in whom lesions had been detected 
on mammograms and/or in whom palpable abnormalities had been found. The MR images 
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of the first 20 patients with technically adequate scans were evalu- 
ated. Of these 20 patients, five had carcinoma, four had fibroadeno- 
mas, four had fibrocystic disease, four had cysts, two had sclerosing 
adenosis, and one was presumed to be without tumor after mam- 
mograms were unchanged after 18 months. Three of the 32 patients 
(two with carcinoma and one with a cyst) were excluded owing to 
inadequate CSI MR images. 

MR imaging was performed with a 1.5-T magnet (Signa, General 
Electric Medical Systems, Milwaukee, WI). The patients were posi- 
tioned prone, and a single breast was studied with a single-turn 
solenoid loop-gap resonator [8]. After an axial image was obtained 
to localize the lesion, a T1-weighted spin-echo (SE) series, 600/20 
(TR/TE); a proton density-weighted series, 2000/20; a T2-weighted 
series, 2000/80; and a T1-weighted hybrid (CS!) series tuned for lipid 
suppression, 600/20, were performed [6]. All images were obtained 
in the sagittal plane in the same location of the breast and included 
the majority of the breast tissue, directed medially or laterally to 
include the region of the lesion detected on mammograms. The other 
imaging parameters included 5-mm slices with a 1.5-mm gap, two 
excitations, a 256 x 128 matrix, and a 14- to 18-cm field of view. 

After these unenhanced images were made, gadopentetate dime- 
glumine (Magnevist, Berlex Labs., Wayne, NJ) was injected IV in 1- 
2 min at a dose of 0.1 mmol/kg. This was followed by immediate (0- 
15 min) and delayed (15-25 min) T1-weighted SE and CSI images 
with the slice and imaging parameters described above. According 
to protocol, the T1-weighted enhanced images were obtained before 
the enhanced CSI images for both the immediate and delayed images. 
To enable true evaluation of enhancement after contrast injection, 
we kept the transmit and receiver gains constant for each standard 
T1-weighted SE series. Different constant values were maintained 
for CSI series. Receiver gain in each unenhanced series was dimin- 
ished to prevent saturation of the amplifiers from the increased signal 
intensity after contrast administration. Twelve slices were available 
on the CSI series, 16 slices on the T1-weighted SE series, and 20 
slices on the T2-weighted SE series. 

A total of eight image series were evaluated: T1-weighted, proton 
density~weighted (2000/20), T2-weighted (2000/80), and CSI unen- 
hanced series; and immediate T1, delayed T1, immediate CSI, and 
delayed CSI enhanced series. The results of these series were ranked 
in ascending order; the best score was 8 and 1 was the worst. 
Rankings were given by consensus between two readers. Images 
were compared for the demonstration of the border characteristics 
of a lesion (smooth, irregular, or spiculated). The matrix or internal 
substance of the lesion was evaluated for visibility of heterogeneous 
enhancement, homogeneous enhancement, or lack of enhancement. 
Matrix ranking placed heterogeneity above homogeneity if the same 
lesion differed in the various series. If the pattern of lesion enhance- 
ment was the same, the series with the greatest enhancement scored 
highest. A tie between two series resulted in an averaging of the two 
rankings rather than arbitrarily ranking one above the other. For 
example, if two series tied for the best border discrimination, each 
would receive a score of 7.5. If a lesion was not visualized on an MR 
imaging series or a series was not performed, a score of 0 was 
assigned. After ranking, the results were tabulated by addition of the 
scores of each separate series. 


Results 


Although ail lesions were visible on mammography, the 
abnormality was detected on MR images in only 14 of the 20 
patients. Two of the 14 lesions were seen only with the 
enhanced CSI series. Both of these lesions were documented 
by histology as sclerosing adenosis. Of the six patients in 
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whom no corresponding lesion was documented on MR 
imaging, five had microcalcifications on the mammogram with 
no associated mass. One of these patients had a 1- by 3- by 
4-cm intraductal carcinoma. The remaining four had histologic 
evidence of benign lesions, including apocrine metaplasia, 
fibrosis, and fibrocystic disease. In the remaining patient in 
whom no lesion was identified on MR imaging, an asymmetric 
soft-tissue density was seen on a single mammogram view. 
This enhanced in a fashion similar to the remainder of the 
breast tissue on MR imaging and was thought to represent 
asymmetric glandular tissue. In six of the 20 patients, lesions 
were seen on MR imaging that were not seen on the mam- 
mogram. Three of these six lesions were cysts. The other 
three were solid tumors with smooth borders and showed 
uniformly increased signal intensity on T2-weighted images 
as well as on all enhanced CSI images. All three lesions 
measured less than 5 mm and were presumed to be incidental 
fibroadenomas. 

The ranking of the border characteristics of the lesions on 
MR images was significant in that the immediately enhanced 
CSI images had a score of 118 out of the total maximum of 
160 points. The sequence with the next highest score was 
the delayed enhanced CSI with a score of 91. The other series 
scored as follows: T2-weighted (2000/80) = 66, T1-weighted 
= 62.5, immediately enhanced T1-weighted = 62, delayed 
enhanced T1-weighted = 60.5, unenhanced T1-weighted CSI 
= 55, and proton density-weighted (2000-20) = 49. If the 
four patients with cysts as lesions were excluded, the maxi- 
mum possible score was 128 points. The scores for immedi- 
ately and delayed enhanced CSI images of solid lesions 
dropped to 106 and 81, respectively, but the T2-weighted 
score dropped to 34. 

The matrix ranking, including all lesions, resulted in a score 
of 126 out of 160 possible points, for the immediately en- 
hanced CSI series. The delayed enhanced CSI series scored 
98.5, followed by T2-weighted at 77.5, delayed enhanced T1- 
weighted at 66, immediately enhanced T1-weighted at 61, 
unenhanced T1-weighted CSI at 60.5, proton density- 
weighted at 42.5, and T1-weighted at 33. Again, when cysts 
were excluded, the immediately and delayed enhanced CSI 
scores dropped to 105 and 78, respectively, and the T2- 
weighted series dropped to 49. 


Discussion 


Our results show that enhanced CSI imaging provided 
better delineation of the border characteristics of breast le- 
sions than did standard SE sequences either with or without 
contrast material. in particular, the advantage of the enhanced 
CSI series over the unenhanced T1-weighted SE series was 
the improved contrast between the lesion and the normal 
breast tissue (Fig 1.). The expanded gray scale aids in delin- 
eation of small lesions surrounded either totally or in part by 
glandular tissue. For lesions adjacent to fat, the elimination of 
chemical-shift artifact improved the visibility of border irregu- 
larity (Fig 2.). By suppressing the signal from fat, enhanced 
CSI imaging also prevents an intensely enhancing lesion from 
becoming isointense relative to the surrounding lipid. 
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Fig. 1.—47-year-old woman with 5-mm infiltrat- 
ing tubular carcinoma of the breast. 

A, Craniocaudal mammogram of right breast 
suggests an 8-mm spiculated lesion (arrows) 3 cm 
posterior to nipple. 

B, On lateral mammogram, lesion is difficult to 
distinguish from dense breast tissue. 

C, T1-weighted SE MR images obtained before 
(top) and after (bottom) contrast administration 
show moderate enhancement of lesion (arrows) 
similar to that of adjacent glandular tissue (g). Note 
low signal intensity of posterior margin and smooth 
border characteristics anteriorly after contrast ad- 
ministration. 

D, T1-weighted unenhanced chemical-shift im- 
aging (CSI) (top) and enhanced CSI (bottom) se- 
ries (600/20). Note marked enhancement of lesion 
after contrast administration as compared with 
adjacent glandular tissue. Border spicules (ar- 
rows) are visible on enhanced images because of 
elimination of chemical-shift artifact and improved 
contrast with respect to fat. 


Matrix characteristics also were shown better on the en- 
hanced CSI images because of the expanded gray scale of 
water that results from lipid suppression. In particular, periph- 
eral enhancement with a lower-signal center was detected in 
Carcinomas as compared with uniform enhancement in scle- 
rosing adenosis and fibroadenomas. This has not been em- 
phasized previously in the literature. A prospective evaluation 
with a larger number of patients will be necessary to evaluate 
the significance of this finding. 

The next most valuable series to the enhanced CSI series 
for lesion diagnosis was the T2-weighted SE series. This was 
the most helpful sequence in evaluating cysts. If cysts are 
excluded, the value of the T2-weighted series becomes com- 
parable to that of the T1-weighted SE series. The enhanced 
T1-weighted series, either immediate or delayed, was slightly 
worse at border delineation than the unenhanced T 1-weighted 
SE series. This was due to pronounced postenhancement 
chemical-shift artifacts at the lesion margin, which interfered 
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with border evaluation. The matrix was evaluated for degree 
and distribution of enhancement, and therefore was usually 
better seen on enhanced images. Considering the small num- 
ber of patients in the series, and the relatively close ranking 
of the standard T1- and T2-weighted SE series, the only large 
difference in scores lies between the two enhanced CSI series 
and the remaining six series that were evaluated. 

Previous studies [2, 7] have discussed the importance of 
signal intensity changes for differentiation of benign from 
malignant disease of the breast. We found it impossible to 
make identical slices with the various MR techniques because 
of involuntary patient motion. Because volume averaging 
would cause error in intensity measurements, we have not 
evaluated these series for absolute enhancement values of 
the lesions. The 5-mm slice thickness was sufficient, particu- 
larly in lesions 1 cm or larger, to allow preliminary matrix and 
border discrimination without significant error from volume 
averaging. 
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Fig. 2.—62-year-old woman with infiltrating intraductal breast carci- 
noma. 

A, T1-weighted SE MR images of a 1.5- by 1.6-cm infiltrating carcinoma 
before (top) and after (bottom) contrast administration. Marked chemical- 
shift artifact (arrow) obscures border detail. Matrix appears fairly uniform 
and little enhancement is appreciated. 

B, T1-weighted unenhanced chemical-shift imaging (CSI, top) and en- 
hanced CSI (bottom) series (600/20). Chemical-shift artifact has been 
eliminated and a small spicule can be seen along anterior margin (arrow). 
Note heterogeneous matrix, which was not evident on standard SE series. 
Signal intensity of lesion has been held constant, while background inten- 
sity of enhanced CSI series has decreased, indicating lesion enhancement. 


Six of 20 lesions seen on mammograms were not detected 
by MR imaging. The most significant lesion missed on the 
MR scans was the 1- by 3- by 4-cm intraductal carcinoma. 
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Considering the 5-mm slice thickness used, the lesion should 
not have been missed because of its size. Perhaps the lack 
of invasiveness contributed to the problem in this carcinoma. 
In conclusion, enhanced CSI imaging improves MR visuali- 
zation of breast lesions as compared with conventional SE 
MR imaging with or without gadopentetate dimeglumine. This 
is accomplished by expansion of the gray scale, which yields 
differential visible enhancement between the glandular tissue 
of the breast and enhancing lesions. In addition, matrix char- 
acteristics of lesions can now be identified. The suppression 
of the signal from background fat eliminates chemical-shift 
artifacts and enables visualization of lesion detail in the border, 
which otherwise may be obscured. Our preliminary results 
suggest that enhanced CSI imaging should replace conven- 
tional T1-weighted enhanced imaging in the future. Further 
Studies will be required to determine the usefulness of MR 
imaging in the characterization of lesions and to define its role 
as an adjunct to mammography and physical examination. 
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Pictorial Essay 





Lipid Cyst: Classic and Atypical Appearances 


Kathryn Evers’ and Rosalind H. Troupin 


Lipid cysts, a specific type of fat necrosis, frequently have a Fat necrosis of the breast is a common benign condition 
pathognomonic appearance on radiographs. This consists of a that can cause a wide array of mammographic findings, 
lucent lesion surrounded by a smooth rim that may or may notbe including spiculated masses, calcifications of variable size and 
calcified. Occasionally, lipid cysts with unusual mammographic morphology, localized skin thickening, and lipid-filled cysts 


appearances are encountered. An appreciation of some of these [1]. Although physical findings may be absent fat necrosis 
appearances may prevent unnecessary biopsies. i i 


Fig. 1.—Typical lipid cysts in two patients. 

A, Cephalocaudal view shows typical mam- 
mographic appearance of a lipid cyst (arrow): 
round, thin-walled, and radiolucent. 

B, Mediolateral view shows superficial loca- 
tion of cyst (arrows) shown in A. 

C, Mediolateral view in another patient shows 
a typical noncalcified lipid cyst (arrows) 6 
months after lumpectomy and irradiation for an 
early carcinoma. 

D, Mammogram of same patient in C obtained 
21⁄2 years later shows curvilinear calcifications 
of portions of cyst wall (arrows). 
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can be manifested clinically as a hard mass with associated 
retraction and an alarming fixation to the overlying skin. The 
patient usually has a history of trauma or surgery. In our 
patient population, areas of fat necrosis most often are en- 
countered in areas of previous surgery, particularly after 
reduction mammoplasty or lumpectomy with irradiation. 

Pathologically, fat necrosis is a sterile, inflammatory proc- 
ess that varies in appearance depending on the stage of the 
lesion. Foreign-body giant cells, fat-filled macrophages, and 
interstitial infiltration by plasma cells are consistently present. 
Saponification of fat leads to the formation of vacuoles that 
then become surrounded by macrophages. Healing by fibrosis 
begins at the periphery and eventually may replace the entire 
area or leave a persistent cystic cavity. 





Fig. 2.—Atypical calcification. Coned-down view of subareolar region 
during needle localization shows noncurvilinear calcifications in area of a 
lipid cyst (solid arrows) after lumpectomy and irradiation in addition to a 
second area of calcification (open arrow). Biopsies of both areas showed 
fat necrosis. 
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Fig. 3.—Opacifying lipid cyst. 
A, Xeromammogram obtained 1 year after biopsy of a benign breast lesion shows a typical lucent lipid cyst (arrow) at end of biopsy scar. 

B, Xeromammogram obtained 3 years after biopsy shows content of cyst is denser than in A. 

C, Film-screen mammogram obtained 5 years after biopsy shows a spiculated nodule with a single coarse calcification at site of former lipid cyst. 
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A lipid cyst is the distinctive form of fat necrosis in which a 
macroscopic pool of oil develops, rimmed by a thin membrane. 
Such cysts have been aspirated and analyzed by Hoeffken 
and Lanyi [2], who have shown that the content consists 
almost entirely of pure neutral fat. These lesions most often 
have a pathognomonic mammographic appearance: a lucent 
center bordered by a smooth, thin, water-density rim (Figs. 
1A and 1B). Although the rim may gradually calcify [3], the 
center of the lesion generally remains radiolucent (Figs. 1C 
and 1D). Under these circumstances, the mammogram is 
diagnostic, and no further evaluation is necessary. 

Oil cysts with unusual mammographic appearances (Trou- 
pin RH, presented at the annual meeting of the American 
Roentgen Ray Society, May 1988) can be more troubling. 
Adjacent calcifying necrotic fat may form atypical calcifications 
(Fig. 2), including clustered linear or branching forms indistin- 
guishable from a malignant lesion. At other times, the content 
of the cyst may lose its uniform radiolucency, thereby simu- 
lating a solid lesion, simple cyst, or abscess (Fig. 3). Fibrotic 
distortion of the rim may cause the edges of the cyst wall to 
become irregular. If this irregularity develops in conjunction 
with loss of the central radiolucency, the appearance basically 
becomes that of a spiculated nodule (Fig. 3C). 

If the cyst contains a mixture of oil and serosanguineous 
fluid, the mixture can layer, as expected, on horizontal-beam 
lateral films (Fig. 4). In the case illustrated, a recommendation 
to follow up the patient rather than perform a biopsy was 
declined on the basis of highly suggestive clinical findings. 
Pathologic examination showed fat necrosis with no evidence 
of neoplasm. 

In only one instance have we seen a spherical density 
within the lucent cyst, presumably some form of fibrin ball 
(Figs. SA and 5B). Hoeffken and Lanyi [2] published one 
example of a nodule within a lipid cyst and stated that they 
would recommend biopsy in such a case if associated calci- 
fications were present. We recommended follow-up for our 
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Fig. 4.—Fat-fluid levels. Patient noted a pal- 
pable mass approximately 1 year after trauma to 
chest wall. 

A, Cephalocaudal view shows nonspecific 
heterogeneity with dense and lucent compo- 
nents. 

B, Mediolateral view (photographically coned 
down) with horizontal beam shows lipid cysts 
containing fat-fluid levels (arrows). 


Fig. 5.—Lipid cyst with fibrin ball 1 year after 
biopsy of benign lesion. 

A, Cephalocaudal view shows postoperative 
scar, rimmed lucency, and central density (ar- 
row). 

B, Mediolateral view (photographically coned 
down) shows a spherical soft-tissue nodule 
within radiolucent cyst (arrows). 

C, Cephalocaudal view obtained 1 year later 
shows no nodule apparent within lipid cyst (ar- 
rows). 

D, Mediolateral view (photographically coned 
down) shows content of cyst is homogeneous 
and of medium density. 





C 


patient, and subsequent films showed that the intracystic 
nodular component had resolved, leaving a homogeneous, 
ground-glass, medium-density center (Figs. 5C and 5D). 

With increasing use of lumpectomy and irradiation as an 
alternative to mastectomy, fat necrosis in general and lipid 
cysts in particular will be encountered more frequently. Fa- 
miliarity with unusual but acceptable variants may prevent 
some unnecessary biopsies. 
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History Page 





Zum Grunen Glas 
Philip C. Goodman’ and Ronald L. Eisenberg? 


Wilhelm Conrad Roentgen was born March 27, 1845, in a small 
wood-framed home in Lennep, a town in the Rhine Province of 
Germany. His parents and ancestors had for many generations been 
successful textile merchants, although some pursued other profes- 
sions. When he was 3 years old, his family, perhaps prompted by 
political considerations, sold their home and moved to Apeldoorn, 
Holland. Here, at the appropriate age, Wilhelm began public school. 
The known records suggest that he was an ordinary student. Any 
inclination toward future brilliance in physics was well hidden and 
might have stayed that way. However, an uneventful educational 
experience was not to be Roentgen’s fate. After a brief time at a 
private boarding school not far from his home, he surfaced at the 
Utrecht Technical School in 1862. One day he and his fellow students 
briefly found themselves alone in the classroom. In the instructor's 
absence, a classmate approached the fire screen and proceeded to 
draw on it a not too flattering caricature of the teacher. In his apparent 
desire to obtain a closer look, Roentgen approached the fire screen 
at the same time the teacher entered the room. Sensing the mirth 
among the students and noting Roentgen’s proximity to the cause 
of the laughter, the instructor decided to make an example of young 
Wilhelm. He at first accused Roentgen of being the perpetrator of the 
prank. When finally convinced of Roentgen’s innocence, he de- 
manded that Wilhelm identify the real culprit. The stalwart Wilhelm 
was faithful to his classmate and would not divulge the name. In 
response to this defiance of authority, Roentgen was brought before 
a panel of school officials who decided that expulsion was appropriate 
punishment. The ramifications of this decision were far-reaching. By 
this time, Roentgen had decided to attend a university. Failure to 
graduate from high school would be a significant impediment to this 
goal. Family intercession failed to dissuade the panel from its course 
of action, and Roentgen was expelled. He now embarked on an 
independent course of study, hoping to someday obtain the equiva- 
lent of a high school diploma. Independent study suited him well, and 
his endeavors in classical Greek and Latin and in other subjects were 
enthusiastic and successful. For guidance, he had enlisted the aid of 
a man who not only served as his mentor but also would be one of 
his examiners. Unfortunately, just before Roentgen’s high school 
equivalency examination, this instructor, a friend and supporter of 
Roentgen, became ill and was replaced by another man who had 
been on Roentgen’s disciplinary panel. Whether this had a deleterious 
effect on Roentgen’s performance or provided the means for sabo- 


4 Mit hi 


RAEAN 


w 
a 


+ 





tage of the examination, Roentgen’s attempt to obtain a high school 
credential failed. 

At this time, Roentgen’s plans for higher education seemed bleak 
indeed. However, somewhat undaunted, he audited courses at the 
University of Utrecht, where he caught the attention of a young Swiss 
national named Thormann. Thormann’s advice to Roentgen was to 
apply to the Polytechnical University of Zurich, where Roentgen was 
admitted in 1865. By this time, he had developed a discipline that he 
exhibited throughout his scientific career, and as a mature, somewhat 
older college student, he did considerably better at the University 
than he had at his elementary school. His courses led to a degree in 
mechanical engineering. After graduation in 1868, he met August 
Kundt, the head of the Department of Physics at the University of 
Zurich. Kundt offered, and Roentgen accepted, a position as a 
laboratory assistant. One year later, Roentgen received a Ph.D. in 
physics, having published his thesis on the properties of gases. His 
career was Officially launched. 

In Zurich, Roentgen lived in a modest upper-floor apartment on 
the busy Seilergraben (Fig. 1). It is easy to imagine his somewhat 
arduous daily walks up a hill to the University lecture halls and 
laboratories. However, it was in the opposite direction that he took 
some major steps toward another successful portion of his life: 
marriage. Walking approximately 5-10 min east, then south with an 
appropriate turn here and there, Roentgen frequently found himself 
at an ancient inn and restaurant named Zum Grünen Glas (Fig. 2). At 
the time, Zum Grunen Glas was already 500 years old and a popular 
gathering place for university students. Perhaps none was as faithful 
in attendance as Roentgen, whose many visits were inspired not only 
by the intelligent discussion conducted by the innkeeper but also by 
the presence of the innkeepers’ daughter, Anna Bertha Ludwig. Anna 
and Wilhelm’s relationship developed slowly, but eventually the two 
were wed in 1872. Roentgen often credited the loving affection of his 
wife for much of his success, and throughout their lives, Anna Bertha 
and Wilhelm Conrad were a devoted couple. 

Zum Grunen Glas is still open for business. Its interior has seen 
many a university student, tourist, and notable, such as Roentgen 
and Richard Wagner. Over the years, it was surely a traditional Swiss 
inn and tavern. However, if you expect to visit it now for a stein of 
Swiss ale with fondue, choose another establishment. At least as of 
mid-1990, Zum Grünen Glas was a Chinese restaurant. 


Fig. 1.—Building at Seilergraben 7 
(far left) is where Roentgen lived while 
a student in Zurich (1866-1869). Note 
commemorative plaque high on front 
center of building. 


Fig. 2.—Zum Grunen Glas is located 
on Untere Zaune not far from Roent- 
gen’s student dwelling. It was here that 
he met his future bride, Anna Bertha 
Ludwig. 





Note. Facts about Roentgen's life are from Glasser O. Dr. Wilhelm Conrad Roentgen, 2nd ed. Springfield, IL: Thomas, 1958. 


' Department of Radiology, University of California Medical Center, San Francisco General Hospital, 1001 Potrero Ave., Rm. 1 x 57, San Francisco, CA 94110. 


Address reprint requests to P. C. Goodman. 


* Department of Radiology, Louisiana State University, School of Medicine, Shreveport, LA 71130. 
AJR 157:274, August 1991 0361-803X/91/1572-0274 © American Roentgen Ray Society 


David M. Einstein’ 
James R. Tagliabue 
Robert K. Desai 


Received January 22, 1991; accepted after re- 
vision March 12, 1991. 


‘All authors: Department of Diagnostic Radiol- 
ogy (A21), Cleveland Clinic Foundation, 9500 Euclid 
Ave., Cleveland, OH 44195. 


0361-803X/91/1572-0275 
© American Roentgen Ray Society 





aid 


Abdominal Desmoids: CT Findings in 
25 Patients 





Desmoids are histologically benign but locally aggressive fibrous tumors. Although 
overall they are rare lesions, they are a common manifestation of Gardner syndrome. 
We retrospectively reviewed clinical records and CT scans of 25 patients with abdominal 
desmoids. The number, location, and CT characteristics of the lesions were recorded 
for each patient. Tumors were solitary in 72% of patients and multiple in 28%. Fifty 
percent were located in the abdominal wall, 41% in the mesentery, and 9% in the 
retroperitoneum. More than two thirds of the lesions had well-defined borders, with the 
remainder displaying an infiltrative outer margin. The majority of tumors had attenuation 
values equal to (47%) or greater than (41%) the attenuation of muscle on contrast- 
enhanced CT scans. Complications attributable to the desmoid were commonly detect- 
able on CT (hydronephrosis occurred in 36% and small-bowel obstruction in 20%). 

Our results detail the spectrum of CT findings and complications caused by abdominal 
desmoids. 
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Desmoids are rare lesions with an estimated incidence of 3.7 new cases per 
million population per year [1]. They are currently included in the fibromatoses, a 
diverse group of conditions characterized by benign proliferation of fibrous tissue 
intermediate in biological behavior between benign fibrous lesions and fibrosarco- 
mas [2]. Extraabdominal desmoids have a wide distribution; the shoulder girdle, 
trunk, and lower extremities are most commonly involved [3]. Abdominal desmoids, 
which may occur in the abdominal wall, mesentery, or retroperitoneum, nave an 
increased incidence in Gardner syndrome. 

As CT scanning is currently the most widely used technique in the initial diagnosis 
and monitoring of the response to therapy of these lesions, we retrospectively 
evaluated our experience with the CT appearance of abdominal desmoids. 


Materials and Methods 


Review of our institution’s polyposis registry and general pathology records disclosed 25 
patients in whom CT scanning was used for desmoid detection and/or follow-up between 
1978 and 1990. Twenty-three (92%) of these patients had a diagnosis of Gardner syndrome, 
established by the clinical findings of colonic polyposis and the presence of characteristic 
extracolonic manifestations. The study group included 16 women (64%) and nine men (36%), 
ranging in age from 17 to 59 years, with 68% in the third and fourth decades. Pathologic 
proof was available in 80% of the patients, including the two patients without Gardner 
syndrome. The other 20% of cases were diagnosed on the basis of a typical presentation 
and CT appearance of an abdominal mass lesion in a patient with documented Gardner 
syndrome. 

Because of the prolonged period of the study, CT scans were obtained with a variety of 
third- and fourth-generation CT scanners. Contiguous 10-mm slices were the routine, with all 
patients receiving oral and IV contrast material. A variety of different contrast materials and 
injection techniques were used, but as a rule, 100-150 mi of iodinated contrast material was 
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given as either a bolus or bolus plus drip. Unenhanced scans were 
not obtained routinely. 

Clinical records were reviewed to determine if any regional surgical 
procedure preceded the discovery of the desmoids. Fifteen (60%) of 
the 25 patients’ desmoids occurred within 3 years of a regional 
surgical procedure, a total proctocolectomy and ileorectal anasto- 
mosis for Gardner syndrome in 14 patients and a cholecystectomy 
and inguinal hernia repair in one non-—Gardner syndrome patient. 
However, six (24%) of the 25 patients, including five with Gardner 
syndrome, had desmoids either without any pertinent surgical history 
or at the time of their initial surgery for polyposis. In the final four 
patients (16%), all with Gardner syndrome, desmoids developed 4 
years or more after a pertinent surgery. Complications of the lesion, 
including hydronephrosis and small-bowel obstruction, also were 
sought, whether detectable by CT, another imaging method, or clinical 
evaluation. At initial presentation, lesions on CT scans were evaluated 
for the following features: single or multiple; size and location; well- 
defined, infiltrative, or mixed appearance; and density greater than, 
equal to, or less than that of adjacent muscle. Sixteen (64%) of 25 
patients had serial CT scanning. 


Results 


Thirty-four tumors were identified on initial CT scans in the 
25 patients. Eighteen patients (72%) had a single desmoid, 
five (20%) had two lesions, and two (8%) had three concurrent 
lesions. No patient had more than three desmoids at one 
time; recurrent tumors were not tabulated as multiple lesions 
if they were present in the original tumor bed. Seventeen 
(50%) of the 34 tumors were located in the abdominal wall. 
Thirteen of these 17 involved the rectus muscles (Fig. 1), two 
were peristomal, one was in the suprapubic region, and 
another was located in the right flank at an adrenalectomy 
incision site. Fourteen (41%) of the 34 total lesions were 
located in the mesentery, and three (9%) were retroperitoneal. 

On contrast-enhanced scans, four (12%) of 34 desmoids 








AJR:157, August 1991 


were lower in density than was adjacent muscle (Fig. 2), 16 
(47%) were isodense (Fig. 3), and 14 (41%) were hyperdense 
(Fig. 4). As unenhanced scans were not routinely used, con- 
trast-enhancing patterns could not be studied. A homogene- 
ous appearance was seen in 71% of the lesions. In the 
remaining 29%, a variety of heterogeneous patterns was 
found, including a low-density center with a high-density rim 
(Fig. 1) and a whorled, striped appearance (Fig. 5). 

The desmoids varied greatly in size as measured on the 
initial CT scan, ranging from 1 to 30 cm (mean, 8 cm) in 
greatest dimension; seven were larger than 10 cm when first 
seen. On the patients’ initial CT scans, the larger lesions were 
obvious, but the smaller desmoids, particularly when located 
in the base of the mesentery, were subtle (Fig. 6) and required 
optimal bowel opacification for confident diagnosis (Fig. 7). 
Twenty-three (68%) of the 34 desmoids were shown as a 
well-defined spherical mass with grossly sharp contours. A 
mixed pattern of a solid central region with infiltrative margins 
was noted in seven (21%) of 34 lesions (Fig. 3), whereas a 
poorly defined infiltrative appearance without a solid central 
region was seen in four (12%) of 34 (Fig. 8). All but one (94%) 
of the 17 abdominal wall masses were well defined, with the 
remaining tumor appearing mixed. Conversely, of the 17 
retroperitoneal/mesenteric tumors, seven (41%) were well 
defined, four (24%) were infiltrative, and six (35%) were 
mixed. 

CT evidence of complications caused by the desmoids was 
common at some point during the disease. Hydronephrosis 
attributable to a desmoid was detected by CT in eight (32%) 
of the 25 patients. When small-bowel obstruction was sus- 
pected clinically or on the basis of plain film findings, the 
patients were managed either conservatively or with surgery, 
and CT scanning was not routinely performed at that time. 
Five (20%) of 25 patients had small-bowel obstruction proved 





Fig. 1.—31-year-old man with Gardner syn- 
drome 11 years after subtotal colectomy. CT 
scan shows a well-defined mass in right rectus 
abdominis muscle compatible with diagnosis of 
desmoid (arrows). Mass has a low-density 
center with a hyperdense rim. (Pathologically 
proved.) 


Fig. 2.—59-year-old man without evidence of 
Gardner syndrome. CT scan made 3 years after 
exploratory laparotomy and cholecystectomy 
shows a large mass arising from mesentery and 
occupying left side of abdomen (arrows). Mass 
is well defined along most of its borders but has 
an infiltrative medial margin. It is of mixed den- 
sity, showing mostly decreased density, with 
high density along medial aspect of mass. (Patho- 
logically proved.) 


Fig. 3.—31-year-old man with Gardner syn- 
drome and previous colectomy. CT scan obtained 
2 years after surgery shows a solid mass with 
infiltrative borders involving mesentery (arrows). 
Density of mass is equal to that of muscle. (Patho- 
logically proved.) 
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Fig. 4.—31-year-old woman with Gardner syn- 
drome 3 years after colectomy. CT scan shows a 
large hyperdense desmoid involving mesentery 
(arrows). Mass is predominantly solid and has 
infiltrative borders. (Pathologically proved.) 





Fig. 6. —33-year-old woman with Gardner syn- 
drome and colectomy 12 years before diagnosis 
of a desmoid. CT shows a subtle, small, infiltrat- 
ing desmoid (arrows) in mesentery. (Pathologi- 
cally proved.) 
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Fig. 5.—50-year-old woman with Gardner syndrome and history of a colectomy. First desmoid 
was found 6 years after surgery. (Pathologically proved.) 

A, CT scan shows a desmoid that is heterogeneous with a whorled appearance (arrows). 

B, CT scan shows a similar mass in right flank. Mass (arrow) arises from incision site from a right 
adrenalectomy performed 2 years earlier. 





Fig. 7.—30-year-old woman with Gardner syn- 
drome. Desmoid was found at initial presentation 
for colectomy. CT scan shows a small homoge- 
neous desmoid (arrows) in mesentery next to 
contrast-filled bowel, demonstrating need for ad- 
equate bowel opacification in diagnosis of mes- 


Fig. 8.—35-year-old woman with Gardner syn- 
drome. Mesenteric desmoid was found during ini- 
tial surgery. Follow-up CT scan through lower ab- 
domen 3 years later shows an infiltrative soft- 
tissue desmoid (arrows) in mesentery. (Patholog- 
ically proved.) 


enteric desmoids. (Pathologically proved.) 


at surgery to be directly related to the desmoid. Cases of 
bowel obstruction due to adhesions were not included in this 
tabulation. 


Discussion 


The fibromatoses are benign fibrous lesions that, although 
demonstrating a predilection for certain widely separated 
anatomic sites, share a characteristic histologic appearance 
and biological behavior. They arise from fascial and muscu- 
loaponeurotic structures and have a bandlike or tendonlike 
consistency, which led Mueller to coin the term desmoid tumor 
in 1838 [2]. Examples of superficial fibromatoses include 


Dupuytren contracture and Peyronie disease, whereas ex- 
traabdominal, abdominal wall, and intraabdominal desmoids 
are included in the deep fibromatoses [2]. 

Demographically, desmoids may occur in all age groups 
but are seen most commonly in the third and fourth decades; 
abdominal desmoids are rarely seen in patients less than 20 
years old [3]. Females are affected more commonly than 
males are [1, 3]. Desmoids are locally aggressive tumors, 
with invasion of contiguous structures and a strong tendency 
toward recurrence, even after apparently complete surgical 
removal. Metastases, however, are not seen; so, despite their 
local aggressiveness, desmoids are classified as benign le- 
sions [2, 3]. Most are painless except when they encroach 
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on or obstruct bowel or the urinary tract. Multiple lesions are 
seen in 10% of cases [3]. 

Desmoids of the abdominal wall and mesentery may occur 
as isolated lesions or may be seen as a manifestation of 
Gardner syndrome. This subset of familial polyposis, first 
recognized in 1951 [4], has several characteristic extracolonic 
manifestations, including bony osteomas, sebaceous and epi- 
dermoid cysts, fibromas, and abdominal wall desmoids 
[5, 6]. It was recognized somewhat later that desmoids of the 
mesentery also were a component of Gardner syndrome [7]. 
The incidence of abdominal wall and mesenteric desmoids in 
patients with Gardner syndrome has varied between 4% and 
29%. Although usually seen as a sequela of abdominal sur- 
gery, desmoids have appeared before familial polyposis has 
been diagnosed. 

The optimal therapeutic regimen for desmoids has not been 
found. Postsurgical recurrence rates on the order of 77% for 
mesenteric lesions and 25% for abdominal wall lesions favor 
the use of nonsurgical therapy, such as nonsteroidal antiin- 
flammatory drugs and antiestrogens. Surgery is reserved for 
those patients with bowel or urinary tract obstruction or 
intractable pain [8-10]. 

Abdominal desmoids have not been extensively reported in 
the imaging literature, due in part no doubt to their relative 
scarcity [11-15]. Early reports of mesenteric desmoids with 
small numbers of patients studied by CT scanning described 
well-defined, relatively homogeneous masses isodense with 
soft tissue, although some scans were obtained without IV 
contrast material [12, 14]. A second CT series dealing with 
abdominal wall desmoids describes them as well defined and 
of soft-tissue density, although no mention was made of 
whether IV contrast material was administered [13]. In the 
largest series before this one, CT scans of six patients with 
Gardner syndrome were evaluated. Mesenteric desmoids 
were present in five patients and abdominal wall desmoids in 
two patients. All but one of the lesions were well defined and 
homogeneous, and they appeared isodense or slightly hypo- 
dense with respect to muscle [11]. 

The population reported here represents the largest series 
of patients with this lesion studied with CT. The male-female 
ratio, interval between surgery and detection of desmoids, 
and incidence of multiple lesions are in keeping with reported 
demographic data. Our results again emphasize that des- 
moids may be discovered during the initial surgery for poly- 
posis, and thus must be included along with adenopathy from 
colonic carcinoma in the differential diagnosis of an abdominal 
mass in the precolectomy patient with Gardner syndrome. 
The high incidence of hydronephrosis (82%) and bowel ob- 
struction (20%) seen in our population should be kept in mind 
when the postcolectomy patient has acute abdominal pain. 

By virtue of the large number of studies available for review, 
we were able to further refine the spectrum of CT findings in 
patients with abdominal desmoids. We detected a grossly 
infiltrative or mixed appearance in approximately one third of 
the desmoids, particularly in the mesentery. This appearance 
has not been previously described in the literature. These 
findings correspond to a study of nonabdominal desmoids 
[16], in which even more tumors (57%) with poorly defined 
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borders were found. Analysis of our lesions shows that the 
majority were either isodense (47%) or hyperdense (41%) 
when compared with muscle on contrast-enhanced scans. 
The latter appearance also has not been stressed in discus- 
sions of abdominal desmoids, but the pattern was noted in 
Hudson's series of extraabdominal desmoids [16]. CT-patho- 
logic correlations in a variety of fibrous lesions [17] and 
fibromatoses in general [18] have documented a high per- 
centage of hyperdense lesions also. Although it was hypoth- 
esized that the high physical density of collagen and/or abun- 
dant capillary network might explain these appearances, his- 
tologic studies did not always confirm this. This hyperdense 
pattern seen with desmoids is, unfortunately, far from specific; 
itis seen also in vascular neoplastic and inflammatory masses, 
malignant neoplasms containing a desmoplastic component, 
acute hematomas, and calcium-containing masses [17]. In 
addition, the patterns seen in our study may reflect both 
tumor morphology and differences in contrast administration 
inherent in a prolonged retrospective study. 

Because most of our patients had Gardner syndrome, the 
cause of the abdominal wall and mesenteric masses was 
seldom in doubt. Desmoid is the most common primary tumor 
of the mesentery, but in a review of 130 mesenteric desmoids 
by the Armed Forces Institute of Pathology, only 17 patients 
had Gardner syndrome, and more than 60% of the cases 
were initially misdiagnosed both clinically and pathologically 
[19]. Many other entities appear as solid mesenteric masses 
on CT scans, but associated clinical or radiologic findings 
may be helpful in reaching the proper diagnosis. Metastases 
are usually multiple, and additional CT findings or clinical 
history of a primary tumor may be present. Lymphomatous 
involvement of the mesentery is usually associated with sple- 
nomegaly and retroperitoneal lymphadenopathy. Mesenchy- 
mal tumors that have attained the large size often seen with 
desmoids have usually undergone necrotic or cystic change, 
a pattern only rarely seen in our series and then usually after 
prolonged medical therapy. Carcinoids should present with a 
characteristic clinical and biochemical syndrome, and in pa- 
tients with a history of trauma or bleeding diathesis, mesen- 
teric hematoma also must be included in the differential di- 
agnosis [14]. When tissue diagnosis is required, the surgeon 
can easily perform a biopsy of palpable abdominal wall lesions, 
but CT-guided percutaneous biopsy of deeper lesions can 
provide the diagnosis while avoiding surgical intervention, 
which may induce further desmoid formation. We and other 
authors [11, 20] recommend serial CT scans as the optimal 
method of monitoring these patients for therapeutic response 
and development of complications, because it is more accu- 
rate than physical examination is in assessing tumor size. 
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Medicine in American Art 


A Versatile Patriot 


Stefan C. Schatzki' 


Paul Revere’s fame today is largely due to Longfellow’s famous 
poem published in 1863. Despite Revere’s many accomplishments, 
this versatile patriot was not mentioned in any dictionary of American 
biography before that date. 

Paul Revere was born in Boston in 1735, the son of Apollos 
Rivoire, a French Huguenot who changed his name to Paul Revere. 
The younger Revere, working in his father’s shop, became an accom- 
plished silversmith at an early age. By 1764, he had become inter- 
ested in copper engravings and produced a series of political carica- 
tures attacking British rule over the colonies. Revere became a 
member of the Sons of Liberty and participated in the Boston Tea 
Party in December 1773. 

As the leader of Boston craftsmen, Revere became friendly with 
such leaders of the American Revolution as Samuel Adams and John 
Hancock and served as a messenger between leaders in Boston and 
the other colonies. On April 19, 1775, Revere, together with William 
Dawes and Dr. Samuel Prescott, rode to Lexington and Concord to 
warn that the English were coming from Boston to attack the patriots. 
Revere and Dawes were captured after leaving Lexington, and only 
Prescott got through to Concord. Revere subsequently escaped and 
served as a lieutenant colonel during the Revolution. 

Paul Revere maintained his interest in engraving and produced a 
number of important documents, including the first Massachusetts 
paper currency and treasury notes and the seal of the state of 
Massachusetts, which is still used today. His most famous engraving 
depicted the Boston Massacre of 1770. 

In 1780, Dr. John Warren began to give a series of lectures on 
anatomy at the American Hospital in Boston. Revere produced the 
engraved certificate of attendance. Only two certificates have sur- 
vived to today. The one shown here is dated 1785, after the estab- 
lishment of Harvard Medical School. “American Hospital” has been 
scratched out, and “University at Cambridge” has been substituted. 
John Warren was one of the important forces that led to the estab- 
lishment of Harvard Medical School in Cambridge in 1782, where he 
served as the first professor of anatomy and surgery. Warren was a 
member of a family that has played a pivotal role in the development 
of medicine in Boston and of Harvard Medical School from the days 
of the revolution until the present. The definitive history of medicine 
at Harvard lists 10 members of the Warren family who have been an 
important part of Harvard medicine. The early members of the family 
played prominent roles in Revolutionary and post-Revolutionary 
America and were the subjects of paintings by most of America’s 
most prominent early painters, including Copley, Stuart, Thrumbull, 
West, and Peale. The death of Dr. Joseph Warren at Bunker Hill is 
the subject of a famous painting by John Thrumbull. The certificate 
shown here illustrates Revere’s ability in engraving and contains the 
first American depiction of an anatomic dissection. 

After the war, Revere returned to his career as a silversmith. 
Today, he is considered one of the most important early American 





silversmiths, and craftsmen continue to copy the graceful lines of his 
work. He also established an iron foundry to make cannons and 
church bells, many of which are still used throughout New England, 
and was responsible for all the brass and copper work on the frigate 
Constitution. In 1800, he built the first mill for rolling sheet copper in 
the United States, and this company continues to operate as the 
Revere Copper Company. He was a prosperous merchant at the time 
of his death in 1818. 

Although Paul Revere’s name is now chiefly associated with his 
famous midnight ride, he was an important and successful figure in 
the period that spans the years from before the American Revolution 
to the early 19th century. Patriot, silversmith, engraver, and industri- 
alist, Revere was a most fascinating part of the early history of the 
United States. 
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Paul Revere (1735-1828). Certificate for Attendance at Anatomical Lec- 
tures, 1785. Engraving, 7.5 x 6 in. (19 x 15.3 cm). Courtesy of American 
Antiquarian Society, Worcester, MA. 
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Bile Duct Diverticula and Webs: 
Nonspecific Cholangiographic Features of 
Primary Sclerosing Cholangitis 





Biliary tree diverticula and webs are considered by several authors to be specific 
cholangiographic features of primary sclerosing cholangitis (PSC). Our experience 
suggested that these findings can be seen in patients without PSC. The purpose of this 
study was twofold: to establish whether diverticula and webs are indeed specific for 
PSC and to assess whether PSC can be accurately diagnosed without reference to 
diverticula or webs. We retrospectively reviewed 861 consecutive ERCP studies and 
found 32 cases of webs and/or diverticula. Using accepted cholangiographic, clinical, 
and histologic criteria, we diagnosed PSC in nine patients and excluded it in 21, with 
two instances of uncertain diagnoses. Webs and diverticula seen in PSC were cholan- 
giographically indistinguishable from those in the group without PSC. All 21 patients 
without PSC had other biliary abnormalities, and were grouped by the predominant 
abnormality or finding believed to be associated with diverticulum or web formation: 
common duct stones or cholangitis (n = 11 patients), postoperative stricture {n = 4), 
bile duct stent and balloon dilatation (n = 3), malignant stricture (n = 2), and choledo- 
choduodenostomy (n = 1). To assess cholangiographic diagnosis of PSC in these 
patients, a blinded reviewer studied the radiographs of the 30 patients with diverticula 
and/or webs who had confirmed diagnoses. By using established radiologic criteria 
alone (ignoring diverticula and webs), the correct diagnosis was made in 27, yielding a 
sensitivity of 89% and specificity of 91%. 

We conclude that the presence of diverticula and/or webs on a cholangiogram is a 
nonspecific finding and may be due to inflammation or trauma to the bile duct wall. 
Further, PSC can be distinguished from other abnormalities on the basis of findings 
other than diverticula and webs. 
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Biliary tree diverticula and webs are well-recognized cholangiographic features 
of primary sclerosing cholangitis (PSC) and are considered to be specific for this 
disease [1-4]. We observed diverticula and webs on routine ERCP films in several 
patients who had no other radiologic or clinical evidence of PSC, but who did have 
calculi, biliary strictures, or internal biliary stents. 

To investigate this further, we retrospectively reviewed our ERCP experience to 
determine the prevalence of diverticula and webs and their diagnostic significance 
in relation to PSC and other biliary diseases. 


Materials and Methods 


Eight hundred sixty-one consecutive ERCP studies performed in a 14-month period 
(November 1988 through December 1989) were retrospectively reviewed for the presence of 
biliary diverticula and webs. The clinical charts of those patients with diverticula and/or webs 
were then reviewed for possible causes of the bile duct changes, liver or common bile duct 
biopsy results, age and sex, surgical history, and alkaline phosphatase and bilirubin levels. 

The cholangiograms were reviewed for sites of diverticula and webs (intra- vs extrahepatic), 
strictures, calculi, biliary dilatation, biliary stents, and balloon dilatation. Diverticula were 
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defined as any saccular outpouching of the biliary tree (these out- 
pouchings are difficult or impossible to categorize as the precise 
disease is not known). Webs were defined as any focal shelflike 
narrowing of the biliary tree, whether or not they completely encircled 
the duct. 

Patients with diverticula or webs were categorized into one of 
three groups: PSC confirmed, PSC excluded, or indeterminate. The 
diagnosis of PSC was made on the basis of accepted criteria. These 
include clinical presentation: PSC may present with biliary obstruction 
(with or without secondary acute cholangitis); asymptomatic, raised 
enzyme levels on liver function tests (especially a prolonged increase 
in alkaline phosphatase); or cirrhosis and portal hypertension resulting 
from chronic biliary obstruction [4-8]; age and sex: PSC is most 
common in males in middle life [5, 6]; the presence of inflammatory 
bowel disease (seen in approximately 50-75% of PSC patients) [1, 
6, 9]; liver or bile duct biopsy (diagnostic of PSC in approximately 
one third of PSC patients) [5, 6, 10]; typical cholangiographic findings: 
diffuse, multifocal, short anular strictures (sometimes causing a 
beaded appearance) frequently involving intrahepatic with or without 
extrahepatic bile ducts [1, 5, 6, 9, 11, 12], with dilatation often absent 
or mild despite tight strictures [9]; and, usually, absence of biliary 
calculi and prior biliary surgery (although previous cholecystectomy 
does not exclude the diagnosis) [4, 5]. None of these criteria alone 
was considered diagnostic of PSC, but features such as typical 
cholangiographic appearance, positive biopsy results, and the pres- 
ence of inflammatory bowel disease were weighted more heavily than 
the patient's age or sex and general clinical presentation. Diverticula 
and webs were not used to diagnose or exclude PSC. 

The radiographs and clinical records of those patients excluded 
from the PSC group were reviewed further to clarify possible causes 
of the ductal abnormalities. Associated biliary disease, surgical by- 
pass, balloon dilatation, or stent placement was believed to have a 
role in the formation of diverticula and webs if their formation was 
observed over time (e.g., after balloon dilatation and endoscopic stent 
placement). Supportive evidence of a causal role was ascribed if 
diverticula and webs progressed over time or occurred in close 
proximity to the biliary abnormality (e.g., a common duct stone). 

Finally, radiographs of all patients with diverticula and/or webs 





Fig. 1.—Biliary diverticula in a patient with 
primary sclerosing cholangitis. Cholangiogram 
shows multiple diverticula (arrows) in extrahe- 
patic bile duct. 


Fig. 2.—Biliary diverticulum in a patient with- 
out primary sclerosing cholangitis. Cholangio- 
gram shows diverticulum (arrow) in distal 
common bile duct. This patient has had a cho- 
ledochoduodenostomy, through which contrast 
material has been injected by using a balloon 
catheter. 
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were randomized and reviewed in a blinded fashion by an experienced 
observer to determine if cholangiograms of patients with PSC could 
be distinguished from those without PSC, ignoring diverticula and 
webs. The observer was given the films and a form requesting a 
diagnosis (PSC or not PSC). In addition, the primary and secondary 
reasons for that diagnosis were chosen from the following list: 
multifocal strictures, single stricture, no stricture, stones, stent, biliary 
dilatation, no dilatation, and prior surgery. The results were used to 
determine the most useful cholangiographic criteria for diagnosing 
PSC in this group and were then statistically analyzed to assess the 
sensitivity and specificity of cholangiographic diagnosis of PSC with- 
out reference to diverticula and webs. 


Results 


Of 861 cholangiograms, there were 32 cases of biliary 
diverticula and/or webs. In some cases, both with PSC and 
not with PSC, differentiation of diverticula from webs was 
difficult because some diverticula in a nondistended duct took 
on the appearance of webs when further injection of contrast 
material produced more duct distension. Patients with these 
findings were classified as having both diverticula and webs. 

Nine of the 32 patients had PSC. All nine had extrahepatic 
biliary diverticula (Fig. 1); one also had intrahepatic diverticula. 
Two had webs, both extrahepatic only. All nine patients had 
strictures, but the sites of strictures correlated poorly with 
the sites of webs and diverticula. All nine had diffuse stric- 
tures; in six these were intra- and extrahepatic and in three 
they were intrahepatic only. 

Twenty-three additional patients (2.7% of all ERCP studies) 
had diverticula and/or webs without PSC. PSC was sus- 
pected in one patient, but the diagnosis was uncertain and 
this patient was excluded from the study. Another patient 
with probable PSC was subsequently also found to have 
disseminated abdominal malignancy, almost certainly a cho- 





Fig. 3.—Biliary webs and diverticulum in a pa- 
tient without primary sclerosing cholangitis. Cho- 
langiogram shows multiple distal webs (arrows) in 
common bile duct and a single diverticulum (ar- 
rowhead) in a patient with a large calculus in 
common hepatic duct, 4 years after cholecystec- 
tomy. Contrast material was injected through a 
nasobiliary drain. 
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langiocarcinoma. This patient was also excluded from the 
Study owing to the difficulty in determining which condition 
caused which radiologic features. In the remaining 21 pa- 
tients, there were no Clinical, histologic, or cholangiographic 
features to support a diagnosis of PSC. 

Review of the cholangiographic and clinical features of the 
21 patients without PSC who had diverticula and/or webs 
yielded the following predominant associated factors: com- 
mon bile duct calculi with or without documented acute 
cholangitis (n = 9 patients), acute cholangitis without calculi 
(n = 2), postsurgical stricture (n = 4), balloon dilatation and 
bile duct stent (n = 3), malignant stricture (n = 2), and 
choledochoduodenostomy (n = 1). 

Of the 21 non-PSC patients, 20 had diverticula (14 extra- 
hepatic, one intrahepatic, five both) (Fig. 2) and 13 had webs 
(10 extrahepatic, one intrahepatic, two both) (Fig. 3). When 
present, most webs occurred in close proximity to diverticula. 
Of the 12 patients with diverticula and webs, both diverticula 
and webs were confined to extrahepatic ducts in nine, intra- 
hepatic in one, and both intra- and extrahepatic in two. In 
patients with both diverticula and webs, these two structures 
tended to occur in close proximity to each other. The appear- 
ances of the individual webs and diverticula were indistin- 
guishable from those seen in the PSC group. Common bile 
duct stones, when present, were always associated with 
extrahepatic diverticula (with or without extrahepatic webs), 
and did not occur in association with intrahepatic webs or 
diverticula. 

Fourteen of the 21 non-PSC patients had elevated alkaline 
phosphatase and/or bilirubin levels, and 16 had a history of 
surgery (most commonly a cholecystectomy). Seventeen had 
biliary dilatation. All six patients with malignant or postsurgical 
strictures had biliary dilatation proximal to the strictures. Of 
the 11 patients with acute cholangitis or calculi, two had 
strictures and nine had biliary dilatation; six of these patients 





Fig. 4.—Cholangitis mimicking primary scleros- 
ing cholangitis. ERCP shows multiple intrahepatic 
strictures and filling defects in intrahepatic duct. 
A cholecystectomy and choledochoduodenostomy 
had been performed 2 months before for multiple 
biliary tree calculi and episodes of acute cholan- 
gitis. 
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had both intra- and extrahepatic dilatation. Only one patient 
had multiple cholangiographic features mimicking PSC (mul- 
tifocal intrahepatic strictures), but in this case, there was intra- 
and extrahepatic biliary dilatation, probable biliary calculi, a 
normal bilirubin level, history of cholangitis, and a previous 
choledochojejunostomy (Fig. 4). 

Of the eight patients with internal biliary stents (all of whom 
had balloon dilatation at the time of stent placement), three 
had diverticula or webs before dilatation and stent placement, 
but they were more marked after these procedures. In an 
additional three patients, diverticula or webs were seen only 
after balloon dilatation and stent placement (Fig. 5). Reasons 
for stent placement in the six patients who had progression 
or formation of diverticula or webs associated with balloon 
dilatation and stents were diverse: cholangiocarcinoma, leu- 
kemic portal lymphadenopathy, choledochojejunostomy stric- 
ture, choledocholithiasis, cholangitis stricture, and biliary stric- 
tures after cholecystectomy and liver transplantation, respec- 
tively. It was not possible to determine whether the diverticula 
or webs in these patients were caused by balloon dilatation, 
stent placement, or both. 

The blinded review of films by a single interpreter resulted 
in the correct diagnosis (PSC or not PSC) in 27 of the 30 
cases. There were two false-positive and one false-negative 
diagnosis of PSC, yielding a sensitivity of 89 + 10.5% anda 
specificity of 91 + 6.4%. Of the eight cases correctly diag- 
nosed radiologically as PSC, the presence of multifocal stric- 
tures was given as the most important reason for the diag- 
nosis in all eight. Absence of dilatation was the most common 
secondary reason (six patients). Of the 19 cases correctly 
diagnosed as not PSC, the presence of a single stricture was 
the most important primary reason (10 patients), with lack of 
a stricture being the primary reason in four others. Biliary 
dilatation was easily the most common secondary reason (12 
patients). The two false-positive cholangiographic diagnoses 





Fig. 5.—Formation of diverticula after endoscopic balloon dilatation and placement of biliary stent. 

A, ERCP before balloon dilatation and stent placement for a benign postoperative common hepatic 
duct stricture that occurred after a cholecystectomy. 

B, ERCP 3 months after balloon dilatation and stent insertion. Several diverticula (arrows) have 
appeared in common hepatic duct. 
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of PSC were in patients with acute cholangitis (with multifocal 
strictures) (Fig. 4) and postoperative stricture, respectively. In 
the single false-negative case, biliary dilatation was the reason 
given for (incorrectly) excluding PSC (Fig. 6). 

Because not all patients had both diverticula and webs, our 
statistician argued that information arising from their differ- 
ential appearance might have been used diagnostically by the 
blinded reviewer. To investigate this hypothesis, we estimated 
the conditional specificity and sensitivity in the diagnosis of 
PSC that would occur from the use of the presence or 
absence of diverticula or webs as diagnostic rules. These 
rules and their estimated conditional specificity and sensitivity 
are presented in Table 1. The observer was diagnostically 
superior to any of these rules, thus confirming the assumption 
that the diagnostic process used by the observer employed 
something other than just the differential appearance or the 
absence of diverticula and webs. 


Discussion 


Cholangiographic features of PSC [1, 6, 9, 13-17] include 
diffuse, short, anular biliary strictures involving intra- and 
extrahepatic ducts, sometimes producing a beaded appear- 





Fig. 6.—Biliary dilatation in primary sclerosing cholangitis (PSC). Domi- 
nant extrahepatic stricture with extrahepatic but not intrahepatic ductal 
dilatation. Cholangiogram shows several diverticula arising from intrahe- 
patic bile ducts (arrowheads). A biliary stent is in place. This 20-year-old 
woman had choledochoduodenostomy for the above stricture, with no 
evidence of malignancy at surgery or on pathologic examination. Reeval- 
uation 1 year later (including a second ERCP study) showed worsening of 
PSC but no evidence of malignancy. 


TABLE 1: Specificity and Sensitivity of Cholangiographic 
Diagnosis of Primary Sclerosing Cholangitis When Based on the 
Presence or Absence of Webs and Diverticula 








. ° r è % % 
a a a Specificity Sensitivity 
Webs or diverticula absent 57 78 
Webs absent or diverticula present 5 100 
Webs present or diverticula absent 38 22 
Webs or diverticula present 0 100 
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ance. Intrahepatic ducts may show decreased arborization or 
pruning, and nonfilling of hepatic segments due to stricturing. 
The union of right and left hepatic ducts is a common site of 
stricture formation [13]. Bile ducts may show mural irregular- 
ity, including diverticula and webs [18]. Strictures often alter- 
nate with areas of relative or actual dilatation, but dilatation 
is rarely marked. The presence of dilatation in a patient with 
PSC suggests cholangiocarcinoma [3, 9]. Cholangiographic 
differential diagnosis of PSC includes cholangiocarcinoma, 
cirrhosis, acute cholangitis, and advanced primary biliary cir- 
rhosis [1, 4, 5, 9, 19]. 

Biliary diverticula and webs, well-documented cholangio- 
graphic features of primary sclerosing cholangitis, have been 
thought by several authors to be specific for this disease [1- 
4]. Li-Yeng and Goldberg [9] have suggested that biliary 
diverticula may be seen in conditions other than PSC; they 
describe diverticula as a feature of PSC, but add that these 
findings had also been observed in acute ascending cholan- 
gitis and after intraductal infusion of cholic acid (however, no 
data were published). Diverticulumlike lesions in the biliary 
tree may also be seen in severe clonorchiasis [20]. A “corru- 
gated” bile duct was also reported in an undiagnosed case in 
1973 [21]. Webs have not been widely discussed in the 
literature, although Turner et al. [22] recently described trans- 
verse bands mimicking webs or strictures in dilated bile ducts 
and suggested that these bands may be due to mucosal 
redundancy. The results of our study confirm these sugges- 
tions that biliary diverticula and webs are seen in conditions 
other than PSC and are a nonspecific feature of several biliary 
abnormalities. Further, in our series, the majority of patients 
with cholangiographic diverticula and webs did not have PSC. 

Another important finding of our study is that diverticula 
and webs did not occur in patients with otherwise normal 
cholangiograms. All of our patients without PSC had one or 
more of the following abnormalities or cholangiographic fea- 
tures: choledocholithiasis, cholangitis, biliary strictures (be- 
nign or malignant), biliary stents with balloon dilatation, and 
biliary diversion. We believe that the majority of these condi- 
tions are related to inflammation (usually associated with 
biliary stasis or infection), with balloon dilatation possibly being 
responsible in a smaller number of patients. Therefore, we 
propose inflammation as the primary causal factor in the 
formation of biliary diverticula and webs. 

It was noted in several patients, both with and without 
PSC, that some biliary diverticula seen at ERCP could be 
“converted” into webs by further contrast injection and dis- 
tension of the bile duct lumen. This suggests a close relation- 
ship between diverticula and webs, which probably represent 
different manifestations of the same abnormality. The cholan- 
giographic appearance appears to be determined by the 
degree of ductal distension. Unfortunately, we could find no 
discussion of diverticula or webs in the pathology literature, 
and could not establish the morphologic feature that causes 
the radiologic findings. It is likely that there is some form of 
mucosal hypertrophy. 

Our blinded review of the 30 cholangiograms with divertic- 
ula and/or webs shows that accurate radiographic diagnosis 
of PSC is possible when diverticula and webs are ignored. 
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The correct diagnosis was made by our blinded reviewer in 
27 of 30 cases. The number of biliary strictures and the 
presence or absence of dilatation were the most important 
diagnostic criteria used by our reviewer when a correct diag- 
nosis of PSC or non-PSC was made. Multifocal strictures and 
lack of biliary dilatation tended to confirm PSC, whereas a 
single stricture, lack of a stricture, and biliary dilatation tended 
to exclude PSC. Of the two false-positive results, one patient 
had a clear history of cholangitis with multifocal biliary stric- 
tures. The single false-negative result was in a patient who 
had marked biliary dilatation, an unusual feature in PSC. 

The correct diagnosis should be possible in the great 
majority of patients with diverticula or webs, because most 
patients without PSC have other cholangiographic abnormal- 
ities that lead to exclusion of PSC (common duct stones, 
solitary strictures, stents, biliary diversion). The clinical setting 
is also important diagnostically. In our experience, the most 
difficult diagnostic problems were cholangitis causing multiple 
intrahepatic strictures mimicking PSC (Fig. 4) and PSC with 
biliary dilatation (Fig. 6). 

Our findings indicate that diverticula and webs are a non- 
specific cholangiographic feature, possibly related to inflam- 
mation or trauma to the bile duct wall. Diverticula and webs 
are not specific for PSC, and their diagnostic value is probably 
limited to being an indicator of biliary inflammation or trauma. 
However, in patients with diverticula and webs, PSC can be 
differentiated from other biliary abnormalities in most cases 
by using established radiologic criteria other than diverticula 
and webs. 


REFERENCES 


1. McCarty RC, LaRusso NF, Wiesner RH, Ludwig J. Primary sclerosing 
cholangitis: findings on cholangiography and pancreatography. Radiology 
1983;149: 39-44 

2. Wiesner RH, Ludwig J, LaRusso NF, MacCarty RL. Diagnosis and treat- 


CHOLANGIOGRAPHY IN PRIMARY SCLEROSING CHOLANGITIS 





285 


ment of primary sclerosing cholangitis. Semin Liver Dis 1985;5.241-253 


- Rohrmann CA, Ansel H, Freeny P., Silverstein F, et al. Cholangiographic 


abnormalities in patients with inflammatory bowel disease. Radiology 
1978;127:635-641 


. LaRusso NF, Weisner RH, Ludwig J, MacCarty RL. Primary sclerosing 


cholangitis. N Engi J Med 1984:310: 899-903 


. Sivak MV. Sclerosing cholangitis. Scand J Gastroenterol 1983:88:18-23 
. Chapman RWG, Arborgh BAM, Rhodes JM, et al. Primary sclerosing 


cholangitis: a review of its clinical features, cholangiography and hepatic 
histology. Gut 1980;21:870-877 


. Warren KW, Athanassiades S, Monge J. Primary sclerosing cholangitis: a 


Study of 42 cases. Am J Surg 1966;111:23-38 


. Porayko MK, Wiesner RM, LaRusso NF, et al. Patients with asymptomatic 


primary sclerosing cholangitis frequently have progressive disease. Gas- 
troenterology 1990;98: 1594-1602 


. Li-Yeng C, Goldberg H. Sclerosing cholangitis: broad spectrum of radic- 


graphic features. Gastrointest Radio! 1984;9: 39-47 


. Craig JF, Liver. In: Kissane JM, ed. Anderson's pathology, 9th ed. St. 


Louis: Mosby, 1990: 1257 


. Wiesner RM, LaRusso NF. Clinicopathologic features of the syndrome of 


primary sclerosing cholangitis. Gastroenterology 1980;79:200-206 


. Whelton MJ. Sclerosing cholangitis. in: Bouchier IAD, ed. Clinics in gastro- 


enterology, vol. 2, No. 1. London: Saunders, 1973:183-173 


. Cameron JL, Gayter BW, Sanfey M, et al. Sclerosing cholangitis: anatomical 


distribution of obstructive lesions. Am Surg 1984;200:54-60 


. Doyle TC, Roberts-Thomson IC. Radiological features of sclerosing cho- 


langitis. Australas Radiol 1983;27: 163-166 


. Albo R, Obata W. Radiologic diagnosis of primary sclerosing cholangitis. 


Radiology 1963;81: 123-125 


. Rogers JV, Copeland AJ, Schroder JS, Amerson JR. Sclerosing cholangi- 


tis: roentgenographic features. South Med J 1972:65:587~-594 


. Krieger J, Seaman WB, Porter MR. The roentgenologic appearance of 


sclerosing cholangitis. Radiology 1970;95: 369-375 


. Wells IP, Wheeles PG, Laws JW, Williams R. A new appearance of the 


common bile duct in sclerosing cholangitis. Sr J Radio! 1980:53: 502-504 


. Abbruzzese AA. Retrograde cholangiography and sclerosing cholangitis. 


Dig Dis Sci 1974;19:571-574 


. Choi TK, Wong KP, Wong J. Cholangiographic appearance of conor- 


chiasis. Br J Radio! 1984:57:681-684 


. Dickson GH. A “corrugated” extrahepatic bile duct: a new cholangiographic 


picture. Br J Surg 1973;60: 161-162 


. Turner JA, Cho SR, Messmer JM. Pitfalls in cholangiographic interpreta- 


tion. RadioGraphics 1987;7: 1067-1105 


286 


Book Review 





Thyroid Disease. Endocrinology, Surgery, Nuclear Medicine, and Radiotherapy. Edited by Stephen A. Falk. New 


York: Raven, 670 pp., 1990. $125 


This book has 40 chapters and 56 contributors and is edited by a 
thyroid surgeon. Although it attempts to integrate the perspectives 
of the many specialists who deal with thyroid disease—endocrinolo- 
gists, surgeons, nuclear physicians, radiologists, radiotherapists, and 
oncologists—it appears to be weighted toward a surgical perspec- 
tive. 

The first chapters deal with anatomy, embryology, and thyroid 
hormone physiology and are weil written and well illustrated. The 
chapter on the clinical approach to thyroid function tests is concise 
and contains up-to-date information. The chapter on dosimetry of 
radionuclides is overly comprehensive and could have been included 
in an abbreviated format as part of chapter 6. Chapter 6 deals with 
basic concepts in imaging with radiopharmaceuticals, but its scope 
of information is limited. Additional limitations of this chapter include 
overstressing the importance of flow studies during thyroid scintig- 
raphy and the inclusion of multiple rectilinear images. 

Chapter 7, which deals with diagnostic imaging of the thyroid, 
strays from the format used in the rest of the text by having an index 
of the 49 images included at the beginning of the chapter and by 
placing all its images at the end of the chapter. This significantly 
detracts from the integration of the visual and textual information. 
The chapter was written by two otolaryngologists and a nuclear 
medicine physician, who placed too much emphasis on the value of 
CT, MR, and angiography and too little on that of radionuclide 
scanning. The chapter on thyroid disease is not well organized; it is 
overly detailed and overly annotated with 929 references. Six well- 
written chapters on hyperthyroidism include discussions of systemic 
effects: differential diagnosis; and medical, surgical, and iodine-131 
therapy. This includes two sections on Graves ophthalmopathy, 


including management and controversies. Additional chapters cover 
hypothyroidism, thyroiditis, thyroid nodules, and congenital thyroid 
disorders and are well written. Parts of chapter 25, on the etiopatho- 
genesis of thyroid cancer, are interesting, but the chapter is twice as 
long as it should be. The four chapters on the surgical approach to 
different thyroid neoplasms are concise and well illustrated. The last 
six chapters of the text cover the surgical techniques of thyroidec- 
tomy and complications of thyroid surgery. 

This book does have the expected problems of a text that has 
more than one author. Some redundancy occurs. As the editor notes, 
some of this redundancy is helpful because of different perspectives, 
but in some areas it is detrimental. The quality of the illustrations is 
variable. The CT scans and MR images and most of the radionuclide 
scans appear to be adequate, although some of the annotations are 
handwritten. The black-and-white photographs of surgical specimens 
are often suboptimal because of glare, and they would be more 
illustrative if they were accompanied by hand drawings. 

Radiologists and nuclear physicians will not be persuaded to 
purchase this text on the basis of the imaging sections but rather will 
buy it for the interdisciplinary approach to the care and management 
of patients with thyroid disorders. This book will find its place in the 
libraries of physicians and institutions involved in the day-to-day care 
of thyroid patients, particularly thyroid patients who have surgical 
problems. 
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Biliary Lithotripsy: Correlation 
Between Gallbladder Contractility Before 
Treatment and the Success of Treatment 





We perform biliary lithotripsy without adjuvant chemolitholytic agents, and therefore 
fragment clearance depends solely on the gallbladder’s ability to evacuate its contents. 
We studied 205 patients to determine if gallbladder contractility before biliary lithotripsy 
is a predictor of treatment results and rate of fragment clearance. Percentage gallbladder 
contraction was calculated from the fractional difference in the sonographicailly meas- 
ured gallbladder volumes before and after a fatty meal. Seventy-six patients (37%) were 
free of stones and fragments, and 129 patients (63%) had residual fragments at 
comparable follow-up intervals. Statistical analysis showed a significant difference in 
gallbladder contractility before biliary lithotripsy between the fragment-free group and 
the residual-fragment group (p = .008). Stone burden before treatment showed no 
significant difference between the groups (p = .074), but the number of stones was 
significantly less in the fragment-free group (p = .022). in the fragment-free group, a 
poor correlation (r = .047) was found between the percentage gallbladder contraction 
and the rate of fragment clearance. 

These data indicate that contractility of the gallbladder before treatment correlates 
with overall success of biliary lithotripsy but is not a predictor of the speed of fragment 
clearance. 
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Biliary lithotripsy is a safe and well-established means of fragmenting gallbladder 
calculi, with reported efficacy rates of 80-99% in selected patients [1-3]. The 
factors that contribute to fragment clearance once the stones are disintegrated 
sufficiently to pass through the cystic duct are incompletely understood. The clinical 
success of biliary lithotripsy relies on the sonographic demonstration of a fragment- 
free gallbladder. 

Unlike most other centers, we do not include oral chemolitholysis in our treatment 
protocol, and fragment clearance therefore depends solely on the galibladder’s 
ability to evacuate the fragments. To determine the influence of gallbladder con- 
tractility on the success or failure of biliary lithotripsy, we used follow-up sono- 
graphic examinations to determine fragment-clearance rates in 205 patients who 
had completed treatment. Gallbladder contractility was measured before biliary 
lithotripsy in all patients by using the sonographic method previously described 


[4]. 


Subjects and Methods 


We used sonography to determine fragment-clearance rates in 205 patients (139 females, 
66 males; mean age, 51 years; range, 14-84 years) who had undergone biliary lithotripsy for 
symptomatic cholecystolithiasis. Our selection criteria and treatment protocol were as previ- 
ously described [5]. All patients were considered to have had successful fragmentation and 
completed biliary lithotripsy when sonographic examination showed that residua! fragments 
were 3 mm or less in diameter. 
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Before treatment, gallbladder volume was measured by using the 
ellipsoid method described by Dodds et al. [4]. Volumes were deter- 
mined before and 45-60 min after the administration of a fatty meal 
containing cottonseed oil (Neo-Cholex; Horner, Montreal, Quebec). 
Percentage gallbladder contraction was calculated by dividing the 
difference between the preprandial and postprandial volumes by the 
initial preprandial volume and multiplying the result by 100. An index 
of pretreatment stone burden was devised; we assumed that if a 
patient had multiple calculi, the calculi made up one family of stones 
and the largest stone measured was representative of the size of 
other members of the family. The stone burden index was calculated 
by using the following equation: (maximum stone diameter in mm)? x 
number of stones. 

During follow-up, treatment was considered successful only if 
sonography showed that the gallbladder was free of stones and 
fragments. 

For statistical analysis, the patients were grouped according to 
their most recent sonographic findings either as being stone- and 
fragment-free or as having residual fragments. Follow-up periods 
available, measurements of gallbladder contractility before treatment, 
maximum stone size, number of stones, and stone burden index 
were evaluated by using the Mann-Whitney test. Results from pa- 
tients who had only one stone before treatment were analyzed 
separately. In the successful group, the rate of fragment clearance 
was correlated with the percentage gallbladder contractility before 
treatment. 


Results 


To date, of the 205 patients studied, 76 (37%) are free of 
stones and fragments and 129 (63%) have residual fragments. 

Values of percentage gallbladder contraction before biliary 
lithotripsy were between 20% and 94%, with an overall 
average of 62% for the study population. Values of percent- 
age gallbladder contraction were between 20% and 94% 
(average, 66%) in fragment-free patients and 20% to 90% 
(average, 59%) in patients with residual fragments (Fig. 1). 
The fragment-free group had a significantly greater percent- 
age gallbladder contraction than did the group with residual 
fragments (p = .008). 

The number and maximum size of stones and the stone 
burden index before treatment are listed in Table 1. Initial 


% of each Group 
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Fig. 1.—Distribution of measurements of gallbladder (GB) contractility 
before biliary lithotripsy. Fragment-free patients (n = 76, thick line) vs 
patients with residual fragments (n = 129, thin line). 
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TABLE 1: Details of the Stone Populations Before Treatment: 
Fragment-Free Group vs Residual-Fragment Group 





Stone and Residual 
Fragment Fragments p Value 
Free (n = 76) (n = 129) 

Number of stones 1-6 1-6 022 
(average) (1.53) (1.98) 
Maximum size (mm) 4-40 5-33 .100 
(average) (14.9) (16.2) 
Stone burden index 64-69,120 91-179,685 074 
(average) (9535) (11,792) 





D % of each group 





Number of stones 


Fig. 2.—Distribution of number of stones before biliary lithotripsy. Frag- 
ment-free patients (n = 76, solid bars) vs patients with residual fragments 
(n = 129, hatched bars). 


stone burden index varied between 64 and 69,120 (average, 
9535) in the fragment-free group and between 91 and 
179,685 (average, 11,792) in the patients with residual frag- 
ments. No significant difference (p = .074) in the initial stone 
burden was found between the groups. A significant differ- 
ence (p = .022) between the groups was found in the 
numbers of stones present before treatment (Fig. 2); a higher 
proportion of patients with only one stone were in the frag- 
ment-free group (72% vs 60%). Analysis of patients who had 
only one stone initially showed significantly greater gallbladder 
contractility before biliary lithotripsy in the fragment-free pa- 
tients than in those with residual fragments (p = .018). 

The follow-up interval from the last biliary lithotripsy in the 
fragment-free group varied from 0.7 to 110.0 weeks and in 
the residual-fragment group from 0.1 to 83.0 weeks. Statis- 
tical analysis showed no significant difference (p = .418) in 
the length of follow-up periods between the groups. 

Within the fragment-free group, the interval from last biliary 
lithotripsy to a fragment-free gallbladder ranged from 0 to 83 
weeks (average, 11 weeks). Percentage gallbladder contrac- 
tion correlated poorly (r = .047) with the time interval from 
the last lithotripsy session to a stone-free gallbladder. 


Discussion 


The success of biliary lithotripsy without adjuvant oral 
chemolitholysis relies on adequate fragmentation of the gall- 
bladder calculi and subsequent passage of the stone frag- 
ments from the gallbladder. In this situation, the fragments 
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need to be as small as possible to enable unobstructed 
passage via the cystic duct. In order to achieve this, our 
treatment protocol, unlike others, allows up to 20,000 shocks 
to be administered to reduce the residual fragments to 3 mm 
or less in size. It is unclear why small stones are not all cleared 
from the gallbladder during their formation, yet we expect the 
majority of patients to clear all gallstone fragments after biliary 
lithotripsy. Spontaneous passage of implanted fragments up 
to a maximum diameter of 4 mm from the gallbladder of dogs 
has been shown to occur independently of fragment size, but 
this is of questionable clinical relevance as, unlike humans, 
dogs have no Heister valves [6]. In humans, the Munich group 
[7] found no relationship between the maximum size of the 
fragments and the occurrence of biliary pain, but a significant 
correlation between the size of the largest fragments and the 
time needed to complete clearance. Fragments up to 8 mm 
in size have been recovered from the feces of patients after 
biliary lithotripsy [8]. 

Gallbladder motility is impaired in most patients who have 
gallstones [9-14], but whether the increased gallbladder vol- 
ume and decreased postprandial fractional emptying is a 
primary or a secondary abnormality remains to be determined 
[14]. Dissolution with bile acids is used routinely as adjuvant 
therapy in all other centers as part of their biliary lithotripsy 
protocol. its role separate from the gallbladder’s ability to 
expel the fragments therefore cannot be determined. Our 
overall results for biliary lithotripsy compare favorably with 
those from other groups, with complete clearance rates for 
single stones on the order of 70% at 12 months follow-up 
[15]. These findings therefore raise a question about the role 
of adjuvant chemolitholysis, particularly as it is expensive and 
both chenodeoxycholic acid and ursodeoxycholic acid therapy 
have been shown to affect gallbladder contractility adversely 
[16-18]. In view of the importance of gallbladder dynamics, it 
is of note that no long-term adverse effects on gallbladder 
motility have been shown after biliary lithotripsy, although the 
defect associated with gallstone disease does not appear to 
be abolished by removal of the stones [19, 20]. 

The percentage gallbladder contraction before biliary litho- 
tripsy, was calculated from sonographic measurements of 
gallbladder volume made before and after a fatty meal stim- 
ulus. Sonography is a valid and accurate means of assessing 
galibladder volume when compared with an in vitro model of 
known volume [4, 21] and simultaneous oral cholecystogra- 
phy [21]. The intraobserver and interobserver variation in 
measurement of gallbladder size is usually within 10% 
[4, 21]. Previously we have shown that a minimum value of 
20% gallbladder contraction determined by sonography is as 
accurate as oral cholecystography in predicting cystic pa- 
tency, and we regularly use this method to assess patients’ 
eligibility for biliary lithotripsy (McGrath FP et al., presented at 
the Third International Interdisciplinary Symposium on Biliary 
Lithotripsy, September 1990). Our protocol excludes patients 
with values below 20%. 

it seems reasonable that with improved gallbladder emp- 
tying, an associated increase in the success rate of biliary 
lithotripsy will occur. Our data support this hypothesis. How- 
ever, it is not clear why the percentage gallbladder contraction 


BILIARY LITHOTRIPSY 289 


correlates so poorly with the rate of fragment clearance. The 
apparently poor success rate of 37% in this series is mislead- 
ing and is due to the limited follow-up (overall mean, 30.9 
weeks) available in the majority of patients. The number of 
stones before treatment was significantly different between 
the groups, with a larger proportion of single stones occurring 
in the fragment-free patients. These findings agree with oth- 
ers, with the highest reported success rates occurring in 
patients with single stones up to 20 mm in diameter [3]. 
Gallbladder contractility remained significantly higher in the 
fragment-free patients even when we analyzed only the pa- 
tients who initially had only one stone. Rather unexpectedly, 
we found that success did not depend on the original stone 
burden. This suggests that if fragmentation is adequate, 
successful treatment can be expected irrespective of the 
original stone burden. 

The mechanism of fragment clearance most likely is multi- 
factorial, including various aspects of gallbladder pathophys- 
iology and dynamics. The need for adjuvant chernolitholysis 
is not proved, and our experience indicates that it is not a 
prerequisite for successful treatment. As fragmentation is 
usually not the limiting factor for the success of biliary litho- 
tripsy, efforts should be taken to determine further possible 
factors that may influence the rate and success of fragment 
clearance, including medication to increase gallbladder con- 
traction. 
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Technical Note 





The Management of Occluded Metallic Self-Expandable 


Biliary Endoprostheses 


James E. Jackson,’ Mary E. Roddie,’ Naren Chetty,' Irving S. Benjamin, ? and Andreas Adam’ 


Self-expandable metallic endoprostheses are often inserted 
for the relief of bile duct obstruction due to inoperable malig- 
nant bile duct tumors [1-3]. Concern has arisen that these 
stents may be prone to early occlusion due to ingrowth of 
tumor through the side mesh [2] and that once occluded, 
further palliation might be difficult because the stents cannot 
be removed. In our experience, however, stent occlusion has 
only occurred with tumor overgrowth around the ends of the 
endoprosthesis and in these patients it has been easy to 
restore bile duct patency. 


Materials and Methods 


Since September 1988, 44 patients with malignant obstruction of 
the bile ducts have undergone 49 stent insertions that used a total 
of 79 Waillstent (Walistent, Medinvent SA, Lausanne, Switzerland) 
endoprostheses. Five of these 44 patients have been lost to follow- 
up. Of the remaining 39 patients, 29 have died, with a mean stent 
patency (30 stent insertions) of 19 weeks. The 10 patients who are 
Still alive have a mean stent patency (13 stent insertions) of 31 weeks. 
Four patients have returned on a total of five occasions with stent 
occlusion, and these patients form the basis of this article. 

Between March 1989 and June 1990, four patients (three men and 
one woman), with ages ranging between 65 and 79 years, who had 
previously undergone insertion of a self-expandable metallic endo- 
prosthesis were admitted on a total of five occasions with recurrent 
jaundice and pruritus. The tumors involving the bile ducts in these 
patients were hilar cholangiocarcinoma in two patients and metas- 
tases from rectal adenocarcinoma in the other two. 

The original endoprostheses had been inserted 2, 13, 16, and 60 
weeks before recurrence of jaundice and had been placed via a left 
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hepatic duct approach in three patients and a right hepatic duct 
approach in one. Percutaneous transhepatic cholangiograhy {PTC} 
revealed the cause of the original stent dysfunction to be tumor 
overgrowth around the end of the endoprosthesis on three occasions 
and poor stent position on one occasion, in the patient who returned 
just 2 weeks after initial stent insertion. One patient returned 7 weeks 
after insertion of his second metallic endoprosthesis with recurrent 
jaundice. PTC again showed the cause to be tumor overgrowth 
around the top of the stent. The tumor growth around the ends of 
the endoprostheses was easily bypassed by using conventional 
catheter and wire techniques, and a further stent was introduced 
through the lumen of, and was placed overlapping with, the previously 
inserted endoprosthesis. On no occasion was there any difficulty in 
bypassing the occlusion or in catheterizing the stent. No complica- 
tions occurred; in particular, no episodes of cholangitis or bleeding 
related to the procedures occurred. The new stent was a self- 
expandable metallic endoprosthesis on four occasions and a Miller 
plastic endoprosthesis (William Cook Europe, Biaeverskov, Denmark) 
on one occasion. 

Ail patients developed relief from jaundice and pruritus after the 
procedures. One patient has been lost to follow-up. One patient died 
17 weeks after the insertion of the second stent. Two patients remain 
anicteric 18 and 24 weeks after their last stent insertion. 


Discussion 


inoperable malignant tumors causing bile duct obstruction 
are often well palliated by the insertion of a biliary endopros- 
thesis, which can be introduced via a transhepatic or endo- 
scopic route. 

Plastic stents have been used for several years but, more 
recently, metallic self-expandabie endoprostheses have been 
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developed [1-3] and have several advantages. The small- 
caliber introducing catheters create a small transhepatic track 
and allow introduction in one session. Dilatation of a large 
track through the liver is unnecessary and the procedure is 
therefore safer, easier, and less uncomfortable for the patient 
[3]. When released, the stent expands to a maximum internal 
diameter of 10 mm, much larger than even the largest trans- 
hepatic or endoscopic plastic stent. 

One of the reported disadvantages of self-expandable me- 
tallic endoprostheses in malignant bile duct obstruction is 
ingrowth of tumor through the mesh of the stent, which may 
result in early occlusion [2]. This has not been observed in 
our series of patients, in whom only four of 44 patients (49 
stent insertions, 79 Wallstent endoprostheses) have returned 
with stent occlusion on a total of five occasions, and none 
has shown tumor ingrowth through the stent wall. 

It is common to see the internal lumen of these self- 
expandable metallic endoprostheses narrowed soon after 
insertion; in fact, this is often seen during cholangiography 
done 24 hr after insertion of the stent, and it is therefore most 
probably due to the stent pressing into the tumor as has been 
seen on cholangioscopy (Dick R, personal communication). 
In our experience, this has never caused significant obstruc- 
tion and has never progressed to occlusion. We have also 
found that the placement of the proximal end of the stent in 
a segmental duct does not occlude the segmental branches 
that the stent crosses. These continue to drain normally 
through the sides of the stent and are often seen to fill 
retrogradely during subsequent cholangiography. However, 
such a duct may occasionally require drainage at a later date 
because of occlusion by tumor. In such circumstances it may 
be possible to drain this duct through the side mesh of the 
endoprosthesis that is crossing its origin [4]. 

Long-standing patency of self-expandable metallic endo- 
prostheses in malignant obstruction of the bile ducts at the 
liver hilum is more likely to be achieved by placing the stent 
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Fig. 1.—79-year-old woman with hilar cholan- 
giocarcinoma. 

A, A 5-cm-long, 10-mm-diameter, metallic en- 
doprosthesis had been inserted 13 weeks pre- 
viously. Percutaneous transhepatic cholangio- 
gram shows dilated right hepatic ducts and 
atrophic, strictured left hepatic ducts. Metallic 
endoprosthesis extends from right hepatic duct 
into common bile duct and is patent. A tight 
stricture due to tumor overgrowth is present 
below stent. 

B, A 5-cm-long, 10-mm-diameter, metallic en- 
doprosthesis has been inserted across stricture, 
overlapping original stent with its distal end just 
above papilla of Vater. Cholangiogram obtained 
24 hr after insertion shows patency of two me- 
tallic endoprostheses with free flow of contrast 
medium into duodenum. The patient remained 
anicteric until she died of disseminated malig- 
nancy 17 weeks later. 


across the stricture, with a large portion of the stent(s) both 
proximal and distal to the stricture in disease-free duct. This 
is particularly important in aggressive, more rapidly growing 
tumors such as metastases to hilar nodes. 

Patients with obstructive jaundice due to inoperable tumors 
of the pancreatic head may also be palliated by the insertion 
of an endoscopic or percutaneous endoprosthesis. It is not 
uncommon, in this group of patients, to see not only occlusion 
of the lower common bile duct by the pancreatic head tumor, 
but also involvement of the ducts at the liver hilum by lymph 
node metastases. In view of this, it is our policy in those 
patients in whom endoscopic stent insertion is unsuccessful, 
to position a long metallic endoprosthesis percutaneously 
from the level of the papilla of Vater across the lower common 
bile duct stricture up to the bifurcation or into the right hepatic 
duct. This is in the hope of preventing, or at least postponing, 
occlusion of the biliary tree by hilar lymphadenopathy. 

On the basis of our experience, we believe that metallic 
self-expandable biliary stents are easier to insert and are less 
likely to become occluded than are conventional endo- 
prostheses. If occlusion occurs, it is easier to restore patency 
in patients with the metallic stents than it is in patients with 
plastic endoprostheses. 
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Diagnosis of Portal Vein 
Thrombosis: Value of Color Doppler 
Imaging 





This study was undertaken to determine the accuracy of color Doppier imaging in the 
diagnosis of portal vein thrombosis. Two hundred fifteen patients were studied with 
color Doppler imaging to determine patency of the main portal vein. Sonographic findings 
were confirmed in 75 patients, aged 19 to 66 years. Correlation with angiography was 
obtained in 13 patients, and surgical correlation was obtained in the remaining 62. Nine 
patients had portal vein thrombosis on the basis of these gold standards. Sonograms 
were classified as showing either patency or thrombosis, depending on the ability to 
show color flow within the main portal vein. Agreement between sonography and 
angiography or surgery was found in 69 patients (61 patent, eight thrombosed)}. One 
patient with a patent portal vein at sonography was found to have a thrombosed vessei 
at surgery, whereas five patients without portal venous flow at sonography had patent 
vessels at angiography (one patient) or surgery (four patients). Overall sensitivity and 
specificity for detection of portal vein thrombosis were 89% and 92%, with an accuracy 
of 92%, a false-negative rate of 0.11, a negative predictive value of 0.98, and a positive 
predictive value of 0.62. We postulate that the majority of errors in our study occurred 
in vessels that, although patent, had only sluggish flow, which could not be resolved 
because of technical limitations. 

We conclude that color Doppler imaging is a valuable screening procedure for the 
assessment of portal vein patency. If the sonogram shows a patent portal vein, no 
further studies are required. However, a lack of demonstrable flow does not always 
indicate thrombosis, and other imaging studies should be performed for confirmation. 
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Portal vein thrombosis (PVT) can be diagnosed noninvasively by using either 
real-time or duplex Doppler sonography [1-9], CT [7], or MR [10]. Gray-scale 
sonography does not provide information about flow dynamics in the portal vein. 
Instead, the diagnosis of PVT is based on the demonstration of echogenic thrombus 
and other morphologic features [3]. Unfortunately, if the thrombus in hypoechoic, 
or if the lumen appears relatively echogenic despite vascular patency, portal venous 
thrombosis may be missed or falsely diagnosed [9]. Use of Doppler sonography, 
with its ability to detect and characterize blood flow, can improve diagnostic 
accuracy [5, 9]. However, duplex Doppler sonography only measures flow within 
a small volume at any given time; therefore, sampling from multiple sites is 
necessary to obtain a global impression of flow within the portal vein. Moreover, 
an apparently normal Doppler signal may be obtained from collateral vessels in 
patients who have occlusion of the portal vein [5]. 

By superimposing color-coded information on a gray-scale image, color Doppler 
imaging (CDI) provides a rapid, noninvasive means of mapping blood flow within a 
region of interest, thereby overcoming many of the limitations of gray-scale and 
duplex Doppler imaging [11]. CDI has been used to diagnose venous thrombosis 
in both the lower and upper extremities (12, 13]. In two recent studies, CDI was 
used for evaluation of the portal venous system; however independent confirmation 
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of the sonographic findings was not performed [14, 15]. The 
purpose of our study was to determine if CDI could be used 
to diagnose PVT. The results of angiography and surgery 
were used as the gold standards. 


Subjects and Methods 


Between September 1988 and May 1990, CDI was used to eval- 
uate the hepatic vasculature in 215 patients. Color flow imaging of 
the portal vein was performed by using commercially available equip- 
ment (Ultramark 9, Advanced Technology Laboratories, Bothell, WA) 
and 2.25- and 3.0-MHz phased-array transducers. Real-time sonog- 
raphy was used first to locate the portal vein at the level of the porta 
hepatis. The color flow system was then activated, the region of 
interest was placed over the portal vein, and the scanning parameters 
were adjusted until consistent, nonrandom color appeared within the 
vessel (Fig. 1). 

Whenever flow could not be shown despite careful manipulation 
of CDI controls (Fig. 2), a duplex Doppler examination of the portal 
vein was performed also. If the portal vein could not be seen with 
real-time sonography, color and spectral Doppler imaging of the porta 
hepatis were performed to search for venous flow. CDI of the hepatic 
veins, the inferior vena cava, and the hepatic artery was performed 
also in selected cases, depending on the indication for the study. All 
the CDI studies were performed by experienced operators, without 
knowledge of angiographic findings. 

Angiographic or surgical confirmation of portal vein patency or 
thrombosis was available in 75 of the 215 patients (84 men, 41 
women; age range, 19 to 66 years, mean 45 years). These patients 
made up the final study group. Seventy sonograms were performed 
as part of a workup for hepatic transplantation, two because of 
transplant failure, one prior to portosystemic shunt surgery, and two 
after shunt procedures. Angiographic correlation was obtained in 13 
patients. The portal venous system was evaluated angiographically 
with high-dose portal arteriography with selective celiac and/or 
splenic artery and superior mesenteric artery injections. Tolazoline 
25 mg (Ciba-Geigy, Summit, NJ) was administered intraarterially for 
the superior mesenteric artery injections. Delayed films and film or 
digital subtraction techniques were used when needed to evaluate 





Fig. 1.—65-year-old woman with a patent portal vein, proved surgically. 
Oblique color Doppler sonogram of porta hepatis shows portal vein (P) 
filled with color. Because flow is directed toward transducer (into liver), it 
is depicted in red. Blue color indicates flow in a branch directed away from 
transducer. Hepatic artery (arrowhead) is seen in cross section, anterior 
to portal vein. 
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the portal venous system. The interval between CDI and angiography 
ranged from 0 to 334 days, with a median of 2 days. Surgical 
correlation was obtained in 62 patients. The interval between CDI 
and surgery ranged from 2 to 327 days, with a median of 90 days. 

The sonograms and angiograms were Classified as showing either 
patency or thrombosis of the main portal vein; no attempt was made 
to grade flow. Because our purpose was to determine the accuracy 
of CDI in detecting PVT, absence of color within the portal vein was 
our sole criterion for diagnosing PVT. Although cases were reviewed 
retrospectively, this classification was based entirely on the appear- 
ance of the portal vein at the time of the examination. Surgical 
correlation was obtained through a review of surgical reports and 
summary sheets, which clearly indicated the condition of the portal 
vein at surgery. 


Results 


In 13 patients in whom CDI was compared with angiogra- 
phy, the sensitivity for detection of PVT was 100%, with a 
specificity of 88% and a false-negative rate of zero. In the 
group of 62 patients with surgical correlation, sensitivity and 
specificity were 75% and 93%, respectively, with a false- 
negative rate of 0.25. In all, CDI agreed with the gold-standard 
examination in 69 patients (61 patent, eight thrombosed) and 
disagreed in six patients (five with a false-positive diagnosis 
of thrombosis and one with a false-negative diagnosis). Over- 
all sensitivity was 89%, specificity was 92%, and the false- 
negative rate was 0.11. Accuracy for diagnosis of PVT in all 
75 patients was 92%, with a negative predictive value of 0.98 
and a positive predictive value of 0.62. In 12 patients in whom 
angiography was compared with surgery, sensitivity and 
specificity were 100% and 90%, with a false-negative rate of 
zero. 

To assess the possible effect of an excessive delay be- 
tween CDI and the gold-standard examination, we performed 
a separate analysis in a subset of 24 patients in whom 1 
month or less elapsed between sonography and angiography 
or surgery. In this group, sensitivity for detection of PVT was 
100%, specificity was 89%, and the false-negative rate was 
zero. 

One patient in whom sonography showed a patent portal 
vein had a thrombosed vessel found during surgery; however, 
9 months had elapsed between CDI and surgery. Another 
patient in whom the portal vein was patent on CDI and 
nonvisualized on angiography had a patent vessel at surgery. 


Discussion 


Several features of PVT on real-time sonography have been 
described, including echogenic thrombus, cavernous trans- 
formation of the portal vein, collateral formation, and venous 
enlargement [3]. However, Van Gansbeke et al. [3] were 
unable to show intraluminal thrombus in 33% of their patients 
with PVT. In another series comparing duplex Doppler sonog- 
raphy with angiography, Nelson et al. [5] had four patients 
with PVT; none of the four had intraluminal thrombus identified 
with real-time sonography, and the diameters of the portal 
vein were normal in all four. In our nine patients with proved 
PVT, portal vein echogenicity varied from hypoechoic with 
internal echoes to echogenic. Significantly, the portal vein 
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could not be located by using real-time sonography in four 
patients in this group. However, the portal vein may not be 
visualized when gray-scale imaging is used, even in the 
absence of thrombosis [1]. 

Duplex Doppler sonography, with its ability to show flow, 
can provide direct evidence of portal vein patency [7]. How- 
ever, Parvey et al. [16] characterized duplex Doppler sonog- 
raphy of the portal vein as “a prodigious technical undertak- 
ing” and speculated that CDI might be helpful. Although this 
might be overstating the difficulty somewhat, duplex Doppler 
sonography has a variety of pitfalls and technical limitations. 
In the study by Nelson et al. [5], seven of eight patients with 
what were described as “inadequate Doppler tracings” had 
patent vessels at angiography. 

CDI combines gray-scale and spectral Doppler imaging and 
has been used to diagnose thrombosis in the extremities [12, 
13], in portosystemic shunts [17], and in the hepatic veins 
[18]. In a recent study by Ralls [15], CDI was used to detect 
thrombosis of the main portal vein in 30 patients by using 
criteria similar to ours. Unfortunately, the findings were not 
validated independently by any correlative technique or by 
surgery. 

For many patients in our series, considerable time elapsed 
between CDI and angiography or surgery. However, the 
results in our patients with a delay of 1 month or less were 
very similar to those in the overall group. This suggests that 
the results were not skewed because patients with long 
intervals between examinations were included. In cases in 
which both CDI and the gold-standard procedure showed 
patent vessels (61 of 75 patients), we felt that the interval 
was irrelevant. Similarly, we did not consider the interval 
relevant in five patients in whom the diagnosis of PVT based 
on the CDI findings was incorrect. Arteriography or surgery 
was performed after CDI, and it is unlikely that thrombosis 
completely resolved in these patients. The interval might have 
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Fig. 2.—61-year-old woman with portal vein thrombosis proved angiographically. 

A, Oblique color Doppler sonogram of porta hepatis. Lack of color indicates absence of flow in 
portal vein (P), implying thrombosis. Hepatic artery is seen anteriorly (arrowhead). 

B, Venous phase angiogram shows thrombus (arrowheads) in portal vein. 
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had an impact in cases in which CDI and the gold-standard 
procedure both showed PVT (eight patients). However, the 
mean interval between CDI and angiography was only 3.4 
days in five patients with angiographic correlation. Of three 
patients with surgically proved thrombosis, two had an inter- 
val between examinations of only 21 days; 4 months elapsed 
between CDI and surgery in the remaining patient. We think 
that the probability that thrombosis developed after CDI in 
these patients is low. 

An excessive interval may have contributed to a discrep- 
ancy between CDI and surgical findings in one patient who 
had a patent portal vein on CDI and a thrombosed vessel at 
surgery 9 months later. (This was the only false-negative 
result in our series. Had this patient been excluded, the overall 
sensitivity would have been 100%, with a false-negative rate 
of zero.) Apparent portal venous flow seen on CDI in this 
patient may have originated in a collateral vessel in the setting 
of cavernous transformation. Care must be taken not to 
mistake a tortuous hepatic artery (Fig. 3) for collateral vessels; 
the hepatic artery is characterized by a pulsatile spectral 
Doppler signal, in contrast to the relatively monophasic flow 
pattern seen in collateral veins. 

Although we did not specifically attempt to determine the 
accuracy of angiography in the diagnosis of PVT, we were 
able to compare angiography and surgery in 12 patients. 
Angiography failed to visualize a portal vein in one patient in 
whom CDI and surgery both showed a patent vessel. Unfor- 
tunately, even the angiographic gold standard is not perfect. 

Although CDI may obviate angiography, the techniques are 
not equivalent, despite the temptation to think of CDI as 
“sonographic angiography.” Angiography directly demon- 
strates vascular patency by showing a lumen filled with con- 
trast medium, whereas CDI can only imply patency by show- 
ing flow. Although vessels with flow on CDI can be considered 
patent, the converse is not always true. 





Fig. 3.—36-year-old man with false-positive 
diagnosis of portal vein thrombosis. Oblique 
color Doppler sonogram of porta hepatis. No 
color is seen in portal vein (P), implying throm- 
bosis. Multiple, tortuous hepatic artery loops (ar- 
rowheads) are seen anteriorly. Main portal vein 
was found to be patent during surgery. 
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CDI has technical limitations and pitfalls that can lessen 
accuracy and lead to erroneous results [19]. In our study, five 
of six errors made using CDI were false-positives; that is, CDI 
failed to show flow in portal veins later shown to be patent. 
We were unable to rescan any of these patients, five of whom 
had surgery. Any of a number of technical factors (such as 
inappropriate color gain, output, sensitivity, and gray-scale vs 
color write priority settings) could have resulted in an artifac- 
tual lack of flow. However, in our patients without portal vein 
flow on CDI, we were always able to show concomitant flow 
in other vessels such as the inferior vena cava. It is therefore 
unlikely that significant missettings of the CDI scanning pa- 
rameters went unnoticed. 

Other technical factors could have led to a false-positive 
diagnosis of PVT in our series. CDI may be incapable of 
resolving slow flow in some instances [19], depending on the 
equipment used, the condition of the patient, and the experi- 
ence of the operator. In CDI of the portal vein, the difficulty is 
compounded by the depth of the vessel and by the poor 
Clinical status of many patients referred for examination. We 
postulate that the majority of errors in our series were related 
to vessels that, although patent, had only sluggish or absent 
flow. In his study, Ralls [15] diagnosed “static flow” in a portal 
vein branch that showed no flow on CDi but was opacified 
on contrast-enhanced CT. 

We conclude that CDI, with its high negative predictive 
value, is a valuable screening procedure for detecting PVT-— 
if the portal vein is shown to be patent, no further studies are 
required. In patients in whom CDI shows no flow in the portal 
vein, other imaging studies should be performed to confirm 
the diagnosis of PVT. 
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MR Imaging of the Portal Venous 
System: Value of Gradient-Echo Imaging 
as an Adjunct to Spin-Echo Imaging 





We evaluated the use of gradient-echo (GRE) as an adjunct to spin-echo (SE) MR 
imaging of the portal venous system. GRE imaging was performed in 31 subjects, 15 
normal volunteers and 16 patients with documented portal venous disease (15 cases) 
or suspected disease (one case). Eight of 16 patients had venous thrombosis, five had 
focal thrombus, and three had complete occlusion. Six patients had extrinsic venous 
compression by tumor. Of the two other patients, one had an arteriovenous fistula and 
the other a falsely positive angiogram, suggesting portal vein occlusion. in normal 
subjects, GRE scans had excellent visualization of the portal venous system with high 
intravascular signal compared with surrounding tissues. Nine (60%) of 15 normal 
subjects and three patients had an artifact consisting of a curvilinear area of decreased 
signal that could mimic clot. In three of five patients with focal thrombus, clot was 
identified on GRE but not on SE images. In all three patients with occlusion, SE and GRE 
images demonstrated similar findings. in five of the six patients with extrinsic venous 
compression by tumor, SE and GRE studies showed similar findings. Of the other two 
patients, an arteriovenous fistula was seen on GRE MR in one, and in the other, patency 
of the left portal vein was seen on SE and GRE images after angiography had suggested 
portal vein occlusion. Collateral vessels were seen in nine of 16 patients. in five of nine 
cases, GRE MR demonstrated more extensive collaterals than did SE MR. 

in summary, GRE MR provides a useful adjunct to standard SE MR imaging. Benefits 
include high contrast between vascular structures and surrounding tissues, reduced 
motion artifact, and rapid scanning within a breath-hold. 
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Noninvasive imaging of the portal venous system (PVS) has been successfully 
accomplished with a variety of imaging techniques, including sonography, CT, anc 
MR imaging [1-8]. Doppler sonography has proved to be highiy accurate in 
determining the presence, direction, and velocity of portal blood flow, but is operator 
dependent [1, 9-11]. Although contrast-enhanced CT with dynamic scanning is 
sensitive in identifying thrombus in the main portal vein as well as large branch 
vessels, suboptimal opacification of portal vessels, occasionally may limit this 
examination. 

Spin-echo (SE) MR provides anatomic information similar to that provided by CT 
without the necessity of using IV contrast material. However, motion and flow- 
related artifacts, including flow-related enhancement, may produce spurious signals 
in the portal vein that mimic thrombus [12-14]. Gradient-echo (GRE) pulse se- 
quences have been used in the abdomen and peripheral extremities to image 
vascular structures [2, 15, 16]. The high-intensity signal produced by flowing blood 
clearly distinguishes the intraabdominal vasculature from surrounding stationary 
tissues. Additionally, the acquisition time is significantly reduced when using GRE 
imaging as compared with conventional SE imaging. This allows slice acquisition 
during a single breath-hold, minimizing motion-related artifact. 

We have reviewed our experience with GRE imaging of the portal vein in 31 
subjects, 15 normal volunteers and 16 patients with portal vein abnormalities. The 


purpose of the study was to evaluate GRE imaging as an 
adjunct to standard SE imaging of the PVS. 


Subjects and Methods 


Thirty-one subjects underwent MR imaging of the upper abdomen 
including the PVS. Fifteen were normal volunteers and 16 were 
patients in whom portal venous abnormalities were proved on CT (13 
cases), Doppler sonography (eight cases), and angiography (four 
cases). Angiography was false-positive in one case. The 15 volun- 
teers, 10 men and five women, were 15-55 years old. The 16 
patients, 11 men and five women, were 43-77 years old (mean, 60 
years). Eight of the sixteen patients had intrinsic thrombus in the 
PVS. Five patients had focal thrombus and three had complete portal 
vein occlusion. Two of these patients had cirrhosis. Six patients had 
extrinsic compression of the main or proximal right or left portal vein 
by tumor. Abnormalities included metastases (two patients), pan- 
creatic neoplasm (two patients), lymphoma (one patient), and hepa- 
toma (one patient). One patient had an arteriovenous fistula and the 
other a false-positive angiogram suggesting occlusion of the left portal 
vein. 

All 31 subjects underwent GRE imaging of the portal vein per- 
formed at 1.5 T (Siemens, Magnetom, Erlangen, Germany). Fast 
imaging with steady-state free precession (FISP) was performed in 
all 31 cases. First-order (velocity) flow compensation was applied in 
the slice and frequency-encoding directions. FISP scan parameters 
included 50/14/45°/1 (TR/TE/flip angie/excitation), a 256 x 256 
acquisition matrix, and a 5-mm slice thickness. Imaging time was 16 
sec for each breath-hold image. Five of the patients who had difficulty 
holding their breath for this time had additional GRE imaging with 
fast-low-angle shot (FLASH) imaging, requiring only 9 sec per image. 
FLASH technical parameters included 30/10/30°/1, a 128 x 128 
acquisition matrix, and a 5-mm slice thickness. Maximum-intensity- 
projection (MIP) angiographic MR images in the coronal plane were 
produced in eight patients to supplement standard GRE images. 
MIPs were calculated on a 256 x 256 grid from a stack of two- 
dimensional GRE slices. Images were viewed at rotational angles 
from —30° to +30° from the coronal plane at fixed 6° intervals. 
Reconstruction time was approximately 5 sec per view for a total 
time of approximately 1 min depending on the number of raw images 
used. 

Standard SE imaging was performed by using 500/15/4 or 8, a 
256 x 256 matrix, and a routine 10-mm thickness to provide enough 
coverage to include the entire liver. Six of the 15 volunteers and 15 
of the 16 patients underwent SE imaging. 

Thirteen of the 16 patients underwent CT of the upper abdomen 
with a GE 9800 scanner (General Electric, Milwaukee, WI) before MR 
imaging. In all cases, enhanced scans were obtained dynamically 
with a power injector, 1.0-1.2 mi/sec (Mark IV, Medrad, Pittsburgh, 
PA). Scans were obtained at 1-cm intervals as part of the standard 
examination of the upper abdomen. Eight of the patients also had 
sonographic evaluation, including color Doppler flow assessment 
(Ultramark 9, Advanced Technology Laboratories, Bothell, WA) and 
four patients had angiographic assessment of the liver and PVS. 

GRE and SE scans in the volunteers were reviewed to assess the 
normal appearance of the main portal vein and its major radicles. 
GRE scans were also specifically assessed for any potential artifacts 
that might be confused with thrombus. 

In the 16 patients with portal vein abnormality, GRE imaging was 
compared with SE imaging in 15 of 16 patients and with CT scans in 
13 of 16 patients. Scans were compared to assess the presence and 
extent of intrinsic portal vein thrombosis, extrinsic vascular compres- 
sion, and portal vein collaterals. Detailed statistical analysis was not 
feasible because of the small number of patients studied. In the five 
patients with thrombus, the CT criterion for thrombus was a focal 
area of decreased density in the PVS surrounded by contrast en- 
hancement. In three patients, total occlusion was established by the 


inability to identify a patent main portal vein and numerous enhancing 
periportal collaterals. in the six patients with extrinsic portal venous 
compression, CT demonstrated porta hepatis adenopathy in four 
{two with pancreatic neoplasm, one with metastatic disease, and one 
with lymphoma) and intrahepatic metastases and primary hepatoma 
in the other two. In one patient, an arteriovenous fistula was confirmed 
by angiography; in the other, a false-positive angiogram suggested 
occlusion of the left portal vein. The false appearance of occlusion 
was related to a portion of the vessel being seen “end on” angiograph- 
ically and confirmed to be patent by CT and Doppler sonography. In 
nine of the 16 patients, collateral vessels were seen on at least one 
imaging study (CT, sonography, or angiography). In patients with 
collaterais, the extent of collateralization, including periportal, mes- 
enteric, perisplenic, retroperitoneal, and pericholecystic collaterals, 
was evaluated on SE MR, GRE MR, and CT. When Doppler sonog- 
raphy (eight patients) or angiography (four patients) was performed, 
the information from these studies agreed with CT findings. In all 
patients, MR, CT, and Doppier sonographic examinations were per- 
formed within 2 weeks of one another. All studies were reviewed by 
two observers, with consensus achieved in each case. Initial evalua- 
tion consisted of direct assessment of SE MR and GRE MR. Com- 
parison with CT, Doppler sonography, and angiography was also 
performed when these examinations were available. 


Results 


GRE imaging was performed in all normal volunteers and 
showed high signal intensity in all the major intraabdominal 
vascular structures, including the PVS. In all cases, the main, 
left, and right portal veins were imaged successfully. In nine 
subjects, a linear or curvilinear area of decreased signal 
intensity was noted in the portal vein (Fig. 1). in four cases, it 
was isolated to the main portal vein, and in five cases it 
extended into the right or left branches of the main portal 
vein. Standard SE imaging, performed in six of nine volun- 
teers, confirmed this as an artifact by demonstrating a normal 
PVS. Supplemental scanning in the coronal plane also con- 
firmed the artifactual nature of this decreased signal. 

Intrinsic PVS thrombus or occlusion was demonstrated in 
eight of 16 patients. When thrombus was seen on SE images, 
it appeared as an area of high signal intensity replacing the 
normal flow void in the portal vein; on GRE images, it was 
seen as an area of decreased signal intensity. On SE images, 
these areas of clot were separate from regions of artifact 
generated from pulsatile flow within adjacent vessels. In three 
of the five patients with focal thrombus, thrombus was dem- 
onstrated on GRE imaging but failed to be confidently identi- 
fied on SE imaging (Figs. 2 and 3). In one case in which CT 
clearly demonstrated thrombus in the main portal vein and 
superior mesenteric vein, GRE and SE imaging were not 
conclusive. In the other case, thrombus was identified on both 
SE and GRE MR. In the three cases with complete occlusion 
of the portal vein, SE and GRE imaging showed similar 
findings, including failure to identify the main portal vein and 
numerous periportal collaterals (Fig. 4). Two of these patients 
had findings consistent with a diagnosis of cavernous trans- 
formation of the portal vein. 

Six patients had extrinsic compression of the main or 
proximal right or left portal vein by tumor. In five of six patients 
with extrinsic portal vein compression, similar findings were 
demonstrated on SE and GRE imaging that correlated well 
with CT (Fig. 5). In one case, GRE imaging was unable to 
identify the extrinsic compression of the right portal vein seen 
on SE imaging. Although GRE and SE imaging both showed 


Fig. 1.—Artifact on axial GRE MR image. 

A, Axial GRE 50/14/45° MR image of normal 
volunteer shows curvilinear artifact in main and 
right portal veins (arrowheads). 

B, Coronal GRE image does not substantiate 
any consistent defect in portal venous system. 
Subtle lucencies lack sharp margins and low 
signal intensity seen with thrombus. 












Fig. 2.—Portal vein thrombus equivocal on SE but diagnostic on GRE MR images. 

A, CT scan at level of main portal vein (arrow) shows low attenuation in main portal vein consistent with thrombus. 

B, SE 500/15 MR image shows spurious signal within aorta (curved arrow). Lack of clear flow void in aorta and main portal vein (straight arrow) does 
not allow confident diagnosis of portal vein thrombosis. 

C, GRE 50/14/45° MR image. High signal in aorta (curved arrow) indicates flowing blood, and distinct lack of signal in main portal vein (straight arrow) 
is consistent with thrombosis. Dramatic contrast between flowing blood and clot allows a more confident diagnosis of portal vein thrombosis. 





Fig. 3.—Portal vein thrombus identified on GRE but not SE MR images. 

A, CT scan shows clot in portal vein (solid arrows) with patent lumen medially (arrowhead). Subtle evidence of perisplenic collaterals is seen (open 
arrows). 

B, SE 500/15 MR image shows artifact. Clot could not be diagnosed confidently. Note high-signal artifact (arrowhead) in area with documented flow on 
CT and Doppler sonography and a relative signal void in area of documented clot (arrows). Perisplenic collaterals are not seen. 

C, GRE 50/14/45° image shows findings similar to those on CT with clot peripherally (solid arrows) and a patent lumen medially (arrowhead). Perisplenic 
collaterals are best seen on GRE image (open arrows). 
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Fig. 4.—Occluded main portal vein and extensive collaterals seen on SE and GRE MR images. 

A, CT scan shows extensive periportal collaterals (solid arrows) due to occlusion of main portal vein. Low-attenuation areas in liver represent metastatic 
disease. Retroperitoneal, mesenteric, and perisplenic collaterals are present (open arrows). 

B and C, SE 500/15 (B) and GRE 50/14/45° (C) MR images show findings similar to those seen on CT, with numerous periportal collaterals (solid 


arrows). Additional collaterals appear as on CT (open arrows). 





extrinsic portal vein compression in five of six patients, GRE 
displayed the tumor responsible for the venous compression 
less well than SE imaging did because of the poorer contrast 
between tumor and surrounding normal tissue on GRE im- 
ages. 

In one patient, an arteriovenous fistula seen on GRE im- 
aging was confirmed angiographically. The patient in whom a 
false-positive angiogram suggested occlusion of the left portal 
vein was shown to have a patent vein on both SE and GRE 
MR. 

In nine of the 16 patients, collateral vessels were shown by 
at least one imaging technique (CT, sonography, or angiog- 
raphy). In four cases, GRE and SE images were judged to be 
similar in showing these vessels. In five cases, GRE images 
better defined the presence of collaterals and showed more 
extensive collateralization than was appreciated on standard 
SE MR (Fig. 6). CT scans were obtained in six of nine patients. 
In those patients, CT and GRE showed collaterals to a similar 
extent in four patients, whereas in two cases GRE showed 
the collaterals better. MIP imaging did not provide information 
beyond that provided by GRE imaging, but coronal images 
did enhance the display of abnormalities, especially in patients 
with extensive collaterals. 


Fig. 5.—Extrinsic compression of portal vein 
by lymphoma. GRE compared with SE MR shows 
poorer contrast between tumor and liver. 

A, SE 500/15 MR image shows lymphomatous 
tumor (T) to porta hepatis with compression of 
main portal vein (arrow). Tumor (T) is of low 
signal intensity. 

B, GRE 50/14/45° image shows findings sim- 
ilar to those seen on SE MR, with very mild portal 
vein compression (arrow). However, contrast be- 
tween tumor (T) and adjacent liver is not as 
good. 


Incidentally noted in three of 16 patients was focal signal 
within the main portal vein on standard SE imaging unrelated 
to areas of thrombus or vascular compression that potentially 
could have given the false impression of thrombus. In each 
case, the GRE study, CT, or color Doppler flow sonography 
was normal in this segment of portal vein. The linear or 
curvilinear low-intensity area encountered on GRE images in 
normal volunteers was seen similarly in the patient group but 
was readily recognized as artifactual by its typical appear- 
ance, correlation with other imaging studies, and experience 
gained in examining normal volunteers. 


Discussion 


The application of MR imaging in evaluating the abdominal 
vasculature provides a noninvasive imaging technique addi- 
tional to CT and sonography. Standard assessment with SE 
imaging produces a typical signal void, “black-blood” phenom- 
enon. The presence of high-intensity signal within the main 
portal vein is suggestive of thrombus, and the absence of a 
main portal vein and demonstration of tortuous collaterals is 
suggestive of complete portal vein thrombosis [17, 18]. The 
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Fig. 6.—Improved depiction of collateral vessels with GRE MR images and maximum-intensity projection (MIP) angiographic images compared with SE 


MR images. 


A, SE 500/15 MR image shows portal vein occlusion (solid arrow) and collaterals (open arrows) in periportal area. Low-intensity area around occluded 


portal vein mimics ascites but represents a confluence of distinct collaterals. 


B, GRE 50/14/45° image shows portal vein thrombosis (solid arrow) and more extensive collateralization (open arrows) than SE images does. 
C, MIP angiographic image, coronal plane, shows extensive collateralization (arrows). 


major pitfall in this type of imaging is caused by high signal 
from flow-related enhancement occurring within patent vas- 
culature that mimics thrombus. Clot may rarely lack increased 
signal and therefore be undetected. Respiratory and motion 
artifacts may also superimpose high signal intensity artifacts 
onto vascular structures, making it difficult to assess their 
patency. 

In one study, 14 patients with portal vein thrombosis were 
evaluated by CT, SE MR, and sonography [19]. Acute or 
subacute thrombi were hyperintense on both T1- and T2- 
weighted images. Chronic thrombi (greater than 5 weeks’ 
duration) were hyperintense in eight of 11 cases on T2- 
weighted images. Although all patients had thrombosed portal 
vessels, MR more effectively showed the extent of thrombosis 
and periportal collateralization than did CT or sonography. 
Heavily T2-weighted, triple-echo imaging enhanced the ability 
to differentiate flow-related artifacts from thrombi by demon- 
Strating a persistently high signal on late echoes in throm- 
bosed vessels. These images, however, were significantly 
compromised by their poor signal-to-noise ratio. 

In the present study, portal venous thrombosis was seen 
in eight patients. In three of five patients, GRE MR showed 
focal thrombus not appreciated on the SE MR image. In the 
three patients with portal vein occlusion and in five of six 
patients with extrinsic portal vein compression, SE and GRE 
images were comparable in showing the abnormality. How- 
ever, in five of nine patients with collateral vessels caused by 
portal vein compromise, GRE imaging more completely dem- 
onstrated the extent of collateralization. A significant benefit 
of GRE imaging compared with SE imaging was the ability to 
image the porta hepatis rapidly and selectively with single- 
Slice breath-hold images, as an adjunct to the much longer 
SE examination. 

The recent development of practical techniques for MR 
angiography has allowed further clinical application in assess- 
ing the abdominal vasculature, especially the PVS [2, 15, 
16]. The “bright-blood” images produced by GRE imaging 


create extremely high contrast between flowing blood and 
Surrounding tissues. They are occasionally subject to promi- 
nent high-intensity artifacts from these vascular structures 
[20]. The sequential two-dimensional acquisition method is 
favored over three-dimensional techniques, which are partic- 
ularly sensitive to motion, as they require minutes of acquisi- 
tion rather than being accomplished within a single breath- 
hold. In standard SE imaging, spins must remain within the 
slice long enough to be exposed to both 90° and 180° RF 
pulses. With relatively rapid blood flow, washout effects dom- 
inate so that high-velocity moving spins flow out of the plane 
of section, yielding characteristic black-blood images. In con- 
trast, GRE imaging does not require a 180° refocusing pulse, 
and echoes can be received sooner after each excitation. 
Blood entering a slice is more fully magnetized, with each 
slice acting as an entry slice with flow-related enhancement. 
Washout effects are minimized and flowing blood generates 
a stronger signal. When flow compensation techniques are 
applied, the phase shifts that would normally result in subse- 
quent dephasing and signal loss are minimized. In most cases, 
correcting for first-order “velocity” phase shifts is adequate 
because additional compensatory gradients would prolong 
the TE and accentuate washout of high-intensity spins, dimin- 
ishing the bright-blood effect [15]. 

The high-contrast signal produced by flowing blood makes 
GRE imaging well suited to construction of MIP images. These 
Produce an angiographic effect that can enhance the display 
of vascular disease (Fig. 6). The MIP program used selects 
the maximum-intensity voxel in the projected ray, and there- 
fore background signal is not additive as would occur with 
standard summation imaging [21]. Projectional images have 
the advantage of facilitating viewing by displaying, on a single 
image, the path of tortuous vessels that would otherwise 
need to be traced on numerous sequential images. In evalu- 
ating portal venous disease, MIPs can be a useful method of 
display without requiring invasive angiography. Some artifac- 
tual distortions characteristic of these images should be rec- 


pa 


ognized [21]. A consistent distortion is an artifactual decrease 
in vessel width since the edges of vessels are less intense 
than their central areas. The decreased intensity of the pe- 
ripheral portion of vessels is related in part to partial-volume 
effect and in part to different flow velocities in vessels. A 
periodic linear dark “striping” artifact may occur when vessels 
course obliquely between sections owing to the maximum 
signal intensity being shared between contiguous sections 
[21]. Thus, although these images provide a high-contrast 
angiographic display, these pitfalls require referral to the 
individual cross-sectional GRE slices for accurate interpreta- 
tion. 

Artifacts may significantly compromise the assessment of 
portal venous disease on MR. In three of our patients, artifac- 
tual signal in the PVS on SE imaging could have been mis- 
taken for thrombus. In these cases, correlation with GRE 
imaging and with other imaging techniques allowed us to 
correctly attribute this to artifact. Presaturation pulses, not 
routinely available at the initiation of this study, can minimize 
or eliminate high-signal artifact in blood vessels when applied 
perpendicularly to the direction of flow. However, even when 
such pulses are applied, they are routinely used to eliminate 
flow in the aorta and inferior vena cava and diminish respira- 
tory artifact. Presaturation pulses may also be useful in elim- 
inating hepatic arterial flow. Selective presaturation of portal 
venous flow would require specific presaturation of blood flow 
perpendicular to the course of the portal vein. GRE vascular 
images are not as susceptible as SE images to respiratory 
motion or pulsatile vascular artifact mimicking clot. In the six 
cases of extrinsic compression of the PVS by tumor, GRE 
imaging techniques, although less degraded by motion artifact 
than SE imaging, provided poorer contrast between tumor 
and normal tissues. The appearance of tumor on GRE imaging 
is variable and complex depending on the specific parameters 
used, which affect the relative contribution of T1, T2, and T2* 
weighting. Increased sensitivity to magnetic susceptibility in- 
herent in GRE imaging also compromises image quality, es- 
pecially from artifacts related to bowel gas and clips. A linear 
to curvilinear artifact was encountered frequently on GRE 
imaging. The artifactual nature of this was usually recogniz- 
able from previous experience with normal volunteers and 
from correlation with other studies. A possible explanation of 
this effect is referred to as flow separation. Laminar streaming 
of flowing blood may occur on one side of a vessel, whereas 
flow on the opposing side may be relatively slower. The rapidly 
flowing blood is freely replaced with fresh unsaturated spins 
that appear bright, whereas the slowly flowing, more satu- 
rated blood appears darker. A less likely explanation would 
be flow-related displacement. When blood is flowing obliquely 
through the scanning plane it occupies one location initially 
when molecules are excited and a different position later 
when they are encoded for readout. Because GRE images 
are acquired rapidly, blood would not move a sufficient dis- 
tance to make this a likely explanation. The limitations of GRE 
imaging, including poor contrast with surrounding tissues, 
difficulty in identifying vascular margins, and flow artifact, do 
not allow it at the present time to function as a gold standard 
for assessing portal venous thrombosis. 

In summary, GRE imaging can be a useful adjunct to SE 
imaging of the portal venous system. The images provide 
high contrast between flowing blood, clot, and surrounding 
tissues. GRE imaging techniques allow marked flexibility in 


that they can be performed rapidly, as single breath-hold 
images that can be used in sick patients who might otherwise 
undergo nondiagnostic standard SE imaging. This imaging 
technique provides significant flexibility compared with stand- 
ard SE MR because a few slices at a specific anatomic level 
can be performed to rapidly investigate potential disease. 
Because thrombus generally appears as an area of decreased 
signal rather than increased signal, as with standard SE 
imaging, these images are less subject to the common pitfall 
of high-intensity artifacts mimicking clot. Additionally, angio- 
graphic MIP images provide a unique display that may com- 
plement standard single-slice images in demonstrating vas- 
cular impression, encasement, and collateralization. However, 
GRE images provide limited anatomic resolution compared 
with SE imaging and suboptimal contrast between tumor and 
normal tissues, making them unsuitable as a replacement for 
SE imaging. 
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Diagnosis and Staging of 
Hepatocellular Carcinoma: 
Comparison of CT and Sonography in 36 
Liver Transplantation Patients 





Radiologic studies are important in the detection of hepatocellular carcinoma and the 
selection of patients for partial liver resection, liver transplantation, or palliation. We 
retrospectively studied 36 patients with hepatocellular carcinoma who were examined 
with both CT and sonography before undergoing hepatic transplantation. Pathologic 
findings of the entire resected liver were correlated with results of imaging studies 
before transplantation. Parenchymal lesions were shown by sonography in 29 cases 
(81%) and by CT in 34 cases (94%). Although CT was more sensitive than sonography 
was, both CT and sonography frequently failed to depict reliably the size of tumor or 
the exact number of tumor nodules as determined pathologically. Pathologic findings 
showed vascular invasion in 19 cases (53%), whereas CT showed invasion in 11 cases 
(31%) and sonography showed it in only six (17%). Nodal metastasis to the porta hepatis 
was found in four patients; CT correctly showed two cases (three false-positive) and 
sonography correctly showed one case. Intrahepatic ductal dilatation was seen in eight 
patients on CT but was not identified on sonography. 

We conclude that CT is more accurate for identifying and staging hepatocellular 
carcinoma, but both CT and sonography frequently fail to depict the extent (size and 
number of lesions) of disease, especially when underlying cirrhosis is present. 
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Surgery offers the only chance for cure of hepatocellular carcinoma, but only a 
small percentage of patients are acceptable candidates [1]. Even in patients who 
undergo partial hepatectomy, the 5-year survival rate is only 25% [2] because of a 
high prevalence of intrahepatic metastases (daughter nodules) that go undetected 
before or during surgery. Most cases of hepatocellular carcinoma in the United 
States are in patients with underlying cirrhosis (usually alcoholic) [3]; therefore, 
extensive liver resections such as trisegmentectomy are often not possible. For 
patients with tumor involving multiple lobes and/or with liver cirrhosis, orthotopic 
liver transplantation and orthotopic multivisceral organ transplantation have offered 
some hope for cure [4]. 

Patients being evaluated for liver transplantation routinely have multiple imaging 
studies, including CT and sonography, shortly before surgery. In a recent 4-year 
period, 36 patients with hepatocellular carcinoma had total hepatectomy and liver 
transplantation. This afforded us the unique opportunity to examine the entire liver 
in these patients and to correlate the pathologic findings with findings from imaging 
studies done before transplantation. 


Materials and Methods 


We retrospectively analyzed imaging studies in 36 patients with hepatocellular carcinoma 
who underwent total hepatectomy and liver transplantation at our center between March 
1986 and April 1990. All patients had abdominal CT and sonography: studies were performed 
within 1 week of each other. Most imaging examinations were performed within 1 month of 
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transplantation, with a median of 22 days for CT and 23 days for 
sonography (range, 2-86 days). 

The 36 patients included 24 males and 12 females between 10 
and 69 years old (mean age, 49 years). There were 28 whites, three 
blacks, and five Asians. Because the patients were referred to our 
institution for transplantation, many had a known diagnosis of hepa- 
tocellular carcinoma and/or underlying liver disease (e.g., hepatitis, 
cirrhosis). 

CT scans were done on GE 9800 scanners, except for two done 
on a GE 8800 model (General Electric Corporation, Milwaukee, WI). 
Scans consisted of contiguous 1.0-cm-thick sections from the dome 
of the diaphragm to the iliac crest or to the inferior margin of the liver. 
Thirty of the patients had scans obtained before and after rapid IV 
infusion of 150 mi of contrast material. Four patients had scans 
without IV contrast media only, and two patients had enhanced scans 
only. Contrast material was administered via power injector at 1.5 
mi/sec with a 60-sec delay or by hand bolus injection if IV access 
was poor. 

Sonography was performed on Acuson scanners (Acuson Corp., 
Mountain View, CA); both real-time and pulsed Doppler imaging were 
done in all patients by using 2.5- and 3.5-MHz transducers, depending 
on the patient's body habitus and the level of the structures of 
interest. 

CT and sonographic studies were retrospectively reviewed and 
sonographic reports were reviewed, giving special attention to the 
number of lesions, size of lesions, and main vascular invasion. These 
results were compared with dictated pathology reports, in which the 
resected livers were described, and available gross photographs. 

Pathology reports detailed the resected liver surface and the 
serially sectioned whole liver in either the coronal (old cases) or axial 
plane (newer cases). Specimen sections were 1.0-cm thick, and 
lesions (color, size, texture, etc.), vessels, and bile ducts were doc- 
umented. Microscopic sections confirmed the gross findings and that 
all patients had hepatocellular carcinoma (not fibrolameliar hepato- 
cellular carcinoma). in patients with multiple lesions, exact counts 
were not always done and the exact level of vascular invasion was 
often not stated clearly unless it was a main portal vein or a branch 
of a hepatic vein. Because the study was retrospective, false-negative 
and false-positive sonographic and CT findings (e.g., fat, fibrosis) 
could not be correlated with the pathologic findings accurately. Only 
tumors were documented during pathologic examination. 


Results 


We categorized patients by the number of lesions discov- 
ered on pathologic and imaging studies. A single lesion was 
found on pathologic study in 11 patients. Sonography cor- 
rectly identified single lesions in seven patients, as did CT in 
seven patients. Two to four tumor nodules were found on 
pathologic study in 11 patients, but sonography and CT 
correctly categorized only one and four patients, respectively. 
Diffuse tumor or multiple daughter nodules were found path- 
ologically in 16 of the resected livers. CT correctly categorized 
11 of these patients, whereas eight patients were correctly 
categorized by sonography. Sonography failed to detect six 
hepatomas, whereas two tumors were missed by CT. The 
remaining cases that showed a lack of correlation between 
CT or sonography and pathology results were due to the 
imaging studies failing to categorize correctly by number of 
lesions (false-negative and false-positive). 

We categorized the size of tumor nodules (using the di- 
ameter of the largest) into less than 5 cm, between 5 and 10 
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cm, and greater than 10 cm. Pathologic results showed 16 
patients with nodules less than 5 cm in diameter. These cases 
were correctly identified in seven cases on sonography and 
11 cases on CT. Six tumor nodules in this category were not 
shown at all by sonography, and two tumors were not shown 
by CT. In the other cases, tumor was seen, but the extent of 
the lesion was not correctly categorized. Lesions of 5- to 10- 
cm diameter were seen in four cases on pathologic results, 
in all four cases on CT, and in three cases on sonography. 
Sonography showed tumor in one patient but incorrectly 
categorized the size of the tumor. Lesions greater than 10 
cm in diameter were seen in 16 patients on pathologic results, 
but the extent of tumor was correctly categorized by sonog- 
raphy in only 11 patients. CT did better, correctly sizing the 
tumor in all 16 patients. None of the large tumors went 
undetected by sonography or CT. In some cases, tumor size 
was overestimated (Fig. 1) and in others it was underesti- 
mated by CT. Sonography, when incorrect, was most likely 
to underestimate the size of the tumor (Fig. 2). 

Vascular invasion was present on gross pathologic section 
in 19 cases, but the pathologist frequently did not detail the 
exact level of vascular invasion. Sonography showed six 
cases of major portal vein invasion by tumor; CT showed 11 
cases of vascular invasion by tumor. It was difficult to distin- 
guish vessel compression from invasion on both CT and 
sonography and both techniques routinely failed to identify 
tumor invasion of branch vessels. 

Extrahepatic spread of tumor to lymph nodes in the porta 
hepatis was seen in only four cases in this select group of 
referral patients. Sonography showed one case of enlarged 
nodes. On CT, five cases were interpreted as having enlarged 
nodes, but only two of these cases had tumor confirmed by 
pathologic results. Intrahepatic biliary ductal dilatation caused 
by tumor obstruction was shown in seven patients by CT but 
was not identified on any of the sonographic studies or 
reports. 

Ascites was shown in 20 of 36 patients by CT and sonog- 
raphy. Whether the ascites was due to end-stage liver disease 
or to the underlying malignant tumor was not determined by 
pathologic results. Tumor calcifications were shown in five 
patients by CT and in two patients by sonography. 


Discussion 


Tumor lesions in the liver that correlated with hepatocellular 
carcinoma were seen on CT in 34 (94%) of 36 patients and 
on sonography in 29 (81%) of 36 patients. Our tumor detection 
rate is similar to rates reported by others for CT [1, 5-8]. Our 
detection rate with sonography is similar to that for initial 
screening sonograms in patients with chronic liver disease. 
Slightly better detection rates of parenchymal abnormalities 
in hepatocellular carcinoma have been reported in sonography 
of cirrhotic patients with clinical suspicion of malignancy [9], 
known hepatocellular carcinoma [1], and second, more de- 
tailed sonographic examinations [6]. In these studies, the 
whole liver was not available for pathologic review, and biop- 
sies, surgical exploration, direct follow-up, and partial liver 
resections were relied on to judge detection rate and accu- 
racy. 
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Fig. 1.—Overestimation of tumor extent by CT. 

A, Unenhanced CT scan shows diffuse hypodensity throughout right and caudate lobes of liver. 

B, Contrast-enhanced CT scan shows discrete tumor mass (T) and dilated bile ducts (arrows). Right and caudate lobes are nearly isodense in area of 
hepatocellular necrosis. Contrast bolus technique was suboptimal in this patient. 

C, Coronal pathologic section shows discrete tumor mass (T). Pale area in right lobe (solid arrows) represents hepatocellular necrosis. Bile ducts (open 
arrows) are dilated. 


Fig. 2.—Discrepancy in size estimation by CT 
and sonography. 

A, Contrast-enhanced CT scan accurately 
shows diffuse tumor in right lobe of liver. 

B, Transverse sonogram underestimates tu- 
mor extent, showing only central spherical mass 
(cursors). 

C and D, Coronal pathologic sections of liver 
specimen show large, discrete, spherical tumor 
mass (solid arrows), but also diffuse tumor 
throughout right lobe of liver (open arrows). 





Number of Lesions most of the patients into the single-lesion category (26/36), 
with only seven patients being correctly categorized. Cases 

CT (34/36) was slightly better than sonography (29/36) for of one main tumor nodule with a few small daughter nodules 
identifying hepatocellular carcinoma, but neither technique did were the most frequently missed by both CT and sonography. 
well at categorizing the number of lesions. Sonography placed When considering liver resection, detection of daughter nod- 
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ules becomes extremely important. Other studies such as 
arterial portography CT [10-12], intraarterial iodized oil CT 
[10, 13, 14], or MR imaging [15, 16] may improve identification 
of additional lesions. 


Size of Lesions 


The size or extent of the main hepatocellular carcinoma 
lesion measured during pathologic study was compared with 
the measurement from the imaging studies. CT displayed 
tumor extent better than sonography did overall. Both CT 
and sonography frequently missed small tumor nodules and 
had difficulty in distinguishing tumor from other forms of 
hepatic disease, particularly in patients with underlying cirrho- 
sis. CT had cases of both overestimation (false-positive) and 
underestimation (false-negative) of tumor size, whereas so- 
nography was more likely to underestimate tumor size. 

A great deal of effort has been directed toward improving 
CT detection of primary hepatic neoplasms. Reported tech- 
niques include dynamic incremental CT [11-13], single-level 
dynamic CT [13], CT arteriography (13, 17], arterial portog- 
raphy CT [10, 11, 13, 15, 16], and intraarterial iodized oil CT 
[10, 13, 14]. These studies used clinical follow-up, biopsy 
results, and resection (rather than the whole liver) as their 
gold standard for detection of tumor nodules. Heiken et al. 
[15] reported four patients with either hepatocellular carci- 
noma or metastatic disease who underwent hepatectomy and 
orthotopic liver transplantation. Their well-done prospective 
work showed arterial portography CT to be far superior to 
dynamic CT. Their dynamic, enhanced CT examination 
showed an accuracy of only 38%, with poor detection of 
lesions less than 2 cm in diameter. MR imaging has been 
shown to be more sensitive than dynamic, enhanced CT but 
not as sensitive as arterial portography CT [15, 16]. 

Limitations of our study include its retrospective nature and 
the lack of pathologic documentation of the exact number 
and size of tumor nodules in patients with diffuse disease, 
particularly early in the study. Nevertheless, we believe that 
CT shows tumor extent better than sonography does. On 
both CT and sonography, small tumor nodules were often 
missed and it was difficult to distinguish tumor from other 
forms of hepatic disease, particularly in patients with under- 
lying cirrhosis. Most of the lesions that were missed were 
less than 2 cm in diameter. 

CT may display vascular invasion better, although both CT 
and sonography are limited to assessing the main hepatic 
vessels. Causes for sonography failing to detect biliary dila- 
tation were that the areas involved were focal, usually involved 
very large lesions, and were usually peripheral. Other causes 
could include operator error or failure to check hypoechoic 
branching structures with Doppler imaging. 

Preoperative CT and sonography were performed mainly 
to screen for masses, vascular patency, and extrahepatic 
tumor spread. The number and size of lesions were of sec- 
ondary concern. Had this been a primary goal, the results of 
sonography in particular would probably have been better. 
Similarly, our CT results definitely could have been improved 
by the more frequent use of optimal techniques for IV contrast 
administration. Because the study is retrospective, we do not 
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know which patients received power-injected contrast mate- 
rial or had hand bolus injections because of poor IV access. 
Underlying cirrhosis of the liver is seen in 85% of the patients 
with hepatocellular carcinoma in the United States [3]. Cirrho- 
sis with regenerating nodules, fibrosis, fat infiltration, and 
hepatocyte degeneration may make detection and determi- 
nation of tumor extent difficult. The above pathologic changes 
also lead to false-positive imaging studies, especially on CT, 
and mask tumors in a heterogeneous liver on sonography 
and CT. 

A prospective study including a larger number of patients 
is needed to compare imaging and pathologic results in 
hepatocellular carcinoma. We are currently undertaking this 
study to determine not only accuracy and sensitivity for tumor 
detection but also specificity for abnormalities that may mimic 
neoplasm. 
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Case Report 





Acute Torsion of a Wandering Spleen: Diagnosis by CT and 
Duplex Doppler and Color Flow Sonography 


Albert A. Nemcek, Jr.,' Frank H. Miller, and Steven W. Fitzgerald 


The spleen is typically held in a relatively fixed position in 
the left upper quadrant by suspensory ligaments derived from 
the dorsal mesogastrium and by the pressure exerted by 
surrounding organs and musculature. The term wandering 
spleen is commonly applied to a splenic hypermobility that 
results from laxity or maldevelopment of its suspensory liga- 
ments. Other acquired and congenital factors may accentuate 
this tendency. A wandering spleen is at risk for torsion of its 
vascular pedicle. We report a case of torsion of a wandering 
spleen in which the preoperative diagnosis was made based 
on serial CT scans and duplex Doppler and color flow sonog- 
raphy with confirmation by °°""Tc-sulfur colloid scans. To our 
knowledge this is the first case in which duplex and color flow 
Doppler findings in this entity have been reported. 


Case Report 


A 42-year-old woman with suspected limb girdle muscular dystro- 
phy had a 1-day history of intense, constant left lower quadrant pain 
and low-grade fever. Three years before admission, diverticulitis had 
developed that required resection of the descending colon and colos- 
tomy. Since surgery, she had had intermittent lower abdominal pain 
attributed to recurrent diverticulitis that was well documented with 
imaging studies, and had been treated presumptively with antibiotics. 

Physical examination revealed a cachectic-appearing woman in 
mild distress. Her abdomen was mildly distended with hypoactive 
bowel sounds. She was tender to palpation in the left mid to upper 
abdomen, where a firm, large mass was felt. On questioning, the 
patient related that she had felt this mass shifting position intermit- 
tently in the past. She had diffuse muscular atrophy, most pronounced 
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in the extremities and neck. Laboratory values included a hemoglobin 
level of 12.1 g/di (which decreased over the next 3 days to 9.2 g/dl), 
a WBC count of 27,000/mm?’, and a normal platelet count. 

A plain film of the abdomen showed a large peivic soft-tissue mass. 
No splenic silhouette was identified in the left upper quadrant. Multiple 
CT scans obtained previously for other episodes of abdominal pain 
had demonstrated the spleen in a number of different positions (Figs. 
1A-1C). Some of the CT examinations had been performed without 
enhancement because of a prior allergic reaction to contrast material. 
The ectopic location of splenic tissue suggested by the CT scans 
had been confirmed with °°"Tc-sulfur colloid scanning. 

An unenhanced CT scan was obtained on the present admission 
because of suspected diverticulitis (Fig. 1D). It showed an inharno- 
geneous spleen that had enlarged and changed position compared 
with the previous examinations. Evidence of acutely thrombosed 
splenic hilar vessels was noted also. Torsion and ischemia were 
strongly suspected. Color flow and duplex Doppler sonographic 
studies were performed with 3.5- and 7.0-MHz imaging transducers 
(Acuson, Mountain View, CA) (Fig. 1E). The spleen lay very close to 
the left anterior abdominopelvic wall and was easily visualized in its 
entirety. The splenic parenchyma was diffusely abnormal. Despite 
detection of flow in both small vessels of the abdominal wall imme- 
diately superficial to the spleen and abdominopelvic vessels deep to 
the spleen, thorough interrogation of the splenic substance with color 
flow and duplex Doppler sonography revealed no detectable flow. 
The findings were considered diagnostic of splenic infarction due to 
torsion. Doppler examination of the main splenic artery just distal to 
the celiac artery showed antegrade flow with low diastolic velocity 
and a high resistive index of 84%, while a characteristic iow-imped- 
ance flow pattern was shown in the common hepatic artery. The 
main splenic vein behind the pancreas was patent and showed a 
normal hepatopetal direction of flow. A °°"Tc-sulfur colloid scan was 
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also obtained. It confirmed infarction by showing radionuclide accu- 
mulation in the liver but not the spleen. 

Laparotomy revealed torsion of a freely mobile spleen attached 
only at its hilum by a long pedicle to other abdominal structures. The 
spleen had rotated about its axis several times and appeared con- 
gested. The distal pancreas and bowel were not incorporated into 
the torqued segment. Torsion of the splenic pedicle had resulted in 
splenic venous and arterial thrombosis. Surgical pathology revealed 
hemorrhagic infarction of a spleen weighing 989 g; a subcapsular 
hematoma also was noted. The clinical course after splenectomy was 
uneventful. 


Discussion 


Congenital maldevelopment of the suspensory ligaments of 
the spleen most likely precedes the majority of cases of 
wandering spleen [1, 2]. However, other congenital and ac- 
quired conditions may accentuate the tendency of the spleen 
to migrate about the abdomen and pelvis and to rotate around 
its vascular pedicle. In the present case, for example, in- 
creased abdominal wall laxity due to severe muscular atrophy 
and previous abdominal surgery most likely contributed to 
splenic torsion. The clinical presentation of wandering spleen 
ranges from the incidental finding of an abdominal mass in an 
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C 

Fig. 1.—A-D, CT scans obtained 35 months 
(A), 28 months (B), and 2 months (C) before 
admission and on day of admission (D). Changes 
in splenic position and hilar orientation are noted 
on each scan. In D, spleen has enlarged and 
shows inhomogeneous parenchymal attenua- 
tion. Orientation of splenic hilus has shifted 180° 
as compared with prior examination. Tortuous, 
high-density structures (arrow) in splenic hilar 
region on this unenhanced scan are consistent 
with acutely thrombosed vessels. 

E, 3.5-MHz sector sonogram of left lower 
quadrant, with simultaneous color flow evalua- 
tion. Spleen (white arrow) is inhomogeneous and 
predominantly hypoechoic. Evidence of flow is 
present in abdominopelvic vessels deep to 
spleen (black arrow) but not within splenic pa- 
renchyma. Similar examination (not shown) of 
superficial subcutaneous tissues and immedi- 
ately subjacent splenic tissue with a 7.0-MHz 
linear-array transducer revealed flow in small 
subcutaneous vessels, but again no splenic pa- 
renchymal flow. 


asymptomatic patient to an acute abdominal crisis resulting 
from acute splenic torsion and infarction [3]. Intermittent and 
less severe abdominal pain may result from chronic mild or 
recurrent torsion; we speculate that in this case spontaneous 
torsion and detorsion of the splenic pedicle, rather than di- 
verticulitis, may have been the cause of some of the other 
episodes of abdominal pain. 

A number of reports and reviews have dealt with the various 
radiologic manifestations of wandering spleen [1, 4-8]. Re- 
cent reports of this entity have included findings on sonogra- 
phy or CT, reflecting increased use of these methods in the 
evaluation of patients with abdominal masses and pain. Find- 
ings noted on both imaging methods have included demon- 
stration of an abdominal or pelvic soft-tissue mass and ab- 
sence of the spleen in its typical location in the left upper 
quadrant [1, 4-8]. Previous radiographs may have demon- 
strated the spleen in a normal location. As in this case, serial 
studies may show a shifting position of the spleen and its 
hilum [8]. If infarction of the spleen occurs, part or all of the 
spleen will fail to enhance with IV contrast material on CT; on 
sonography the normal homogeneous, medium-level echo- 
genicity of the spleen may be replaced by a heterogeneous 
appearance [8]. Complications associated with torsion, such 
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as involvement of the pancreatic tail, have been diagnosed 
on both sonography and CT [5, 8]. 

The use of color flow and duplex Doppler sonography 
allows evaluation of organ blood flow. In the present case, no 
flow could be detected in the splenic parenchyma, consistent 
with infarction. The lack of any detectable flow in the splenic 
parenchyma could be blamed on lack of sufficient Doppler 
sensitivity to slow or low-amplitude flow, but this seems 
unlikely because of the very superficial location of the spleen 
in this patient and our ability to detect flow both immediately 
superficial and deep to the torqued organ. The finding of a 
high resistive index in the splenic artery deserves comment. 
Assessment of vascular impedance with a variety of calcula- 
tions relating to Doppler spectra has received a great deal of 
attention in the assessment of normal physiology as well as 
abnormality in certain organs, such as the transplanted kid- 
ney. However, little has been published regarding assessment 
of normal and pathologic splenic arterial impedance. In one 
study, Nakamura et al. [9] investigated the pulsatility index in 
splenic, hepatic, and superior mesenteric arteries in fasting 
subjects and found a significantly lower pulsatility index (and 
thus lower vascular impedance) in the splenic artery as com- 
pared with the superior mesenteric artery. Whether the range 
of measurements of vascular impedance in the normal splenic 
artery will permit differentiation from certain pathologic states 
is an area we believe deserves further investigation; our own 
limited investigation since the appearance of this case has 
disclosed no instances in which a normal splenic artery has 
shown a resistive index of over 80%. 

At first appraisal, the surgical finding of several rotations of 
the spleen about its axis and the finding of any flow in the 
main splenic artery and vein seem discrepant. We offer what 
we believe is a tenable explanation: Branches of the main 
splenic artery (short gastric and pancreatic arteries) may 
remain patent proximal to the site of torsion of the long splenic 
vascular pedicle characteristic of this disorder. This would 
allow some antegrade flow through the proximal splenic artery 
despite increased impedance caused by acute occlusion of 
the major portion of the splenic arterial bed. Similarly, the 
presence of a normal direction of blood flow in the main 
splenic vein most likely relates to continued patency of splenic 
vein tributaries that join the main spelnic vein beyond the 
point of torsion; such tributaries could include the inferior 
mesenteric vein or varices that have formed as a result of 
chronic venous congestion. We anticipate that the patterns 
of flow in these major vessels could change depending on 
the exact site of torsion. 

We believe that the diagnosis of torsion in this case could 
have been made confidently if CT, sonography, or scintigra- 
phy had been the first test. However, the preliminary diagnosis 
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of wandering spleen had already been made. If this diagnosis 
is not suspected before signs and symptoms of torsion with 
infarction occur, we suspect that CT may most often suggest 
the specific diagnosis: sonography may be limited by bowel 
gas or body habitus in some patients, and nonvisualization of 
the spleen on scintigraphy is nonspecific and noniocalizing. 
On the other hand, CT is relatively expensive compared with 
sonography, exposes the patient to ionizing radiation, and 
frequently subjects the patient to small but definable risks of 
contrast reaction. Sonography is used frequently as the initial 
imaging test in patients with abdominal pain; we believe that 
as long as visualization of a torqued spleen is not impaired, 
the combination of sonography with duplex Doppler and color 
flow evaluation should allow confident diagnosis of this con- 
dition. Confirmatory findings would include absence of the 
spleen in its normal location and demonstration of a mass 
elsewhere in the abdomen or pelvis; lack of demonstrable 
flow within the splenic parenchyma, both on the color flow 
survey and directed search with duplex Doppler; and possible 
alterations in main splenic arterial flow, specifically, elevation 
of the resistive index or other measures of vascular imped- 
ance. 

In summary, we have reported a case of torsion of a 
wandering spleen for which there is correlative imaging by 
CT, sonography, and radionuclide scanning. To our knowl- 
edge, this is also the first reported case in which duplex 
Doppler and color flow sonography were used in the diagnos- 
tic evaluation because of their ability to noninvasively evaluate 
splenic parenchymal flow and flow in major splenic vessels. 
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Book Review 





Therapeutic Endoscopy and Radiology of the Gut, 2nd ed. Edited by John R. Bennett and Richard H. Hunt. 


Baltimore: Williams & Wilkins, 386 pp., 1990, $120 


This volume includes contributions from a large number of gas- 
troenterologists and leading interventional radiologists. It is an impor- 
tant reference and contains descriptions of the indications, compli- 
cations, and technique of performing most of the nonoperative inter- 
ventional procedures for treatment of gastrointestinal, biliary, and 
pancreatic diseases. The text is generally well written, is liberally 
referenced, and contains many useful illustrations. 

Many chapters have special information that gives rapid and im- 
portant insight into state-of-the-art gastrointestinal interventions. For 
example, a chapter dealing with management of esophageal stric- 
tures goes beyond initial information on etiology and clinical diagnosis 
to compare radiologic and endoscopic methods of diagnosis and to 
detail relevant aspects of endoscopic management. The types of 
endoscopes available, types of dilators in common use, and the 
relative value of each method are presented for comparison. Photo- 
graphs of the dilators serve as a reference for rapid and easy 
identification. Whether to dilate with fluoroscopic guidance (not in the 
United Kingdom, but obligated by medicolegal implications in the 
United States), how to avoid complications, how much to dilate (and 
how often), and when to use guidewires are useful considerations. 
After even a brief review of this chapter, the reader will be able to 
amaze and astound gastroenterologic colleagues with knowledge of 
their procedures. 

Similarly, a chapter dealing with endoscopic treatment of foreign 
bodies in the upper gastrointestinal tract provides a brief but thorough 


overview of endoscopic treatment and a description of the devices 
available for removing foreign material from the gastrointestinal tract. 
Rapid insight can be gained about types of foreign bodies requiring 
removal and optimal approaches. Also notable are contributions 
describing endoscopic approaches to gastrointestinal hemorrhage, 
such as obliteration of varices, endoscopic laser and diathermy 
control, and injection therapy. Chapters such as these provide ex- 
tremely valuable first-line reference material for understanding the 
gastroenterologic approach to a variety of disorders for which radi- 
ologists are not primarily involved in therapy. 

A series of chapters by gastroenterologists and radiologists com- 
pares treatment techniques of each discipline. Placement of intestinal 
tubes, gastrostomy, stenting of benign and malignant biliary stric- 
tures, removal of biliary stones, and treatment of hemorrhage are 
included. These offer the reader a comparison of the indications for 
each approach, provide technical information for performing the pro- 
cedures, and indicate the expected outcome. 

This text is highly recommended as an important resource for 
radiologists who treat and manage patients with a variety of gastroin- 
testinal disorders. It will add important insight into the procedures 
performed primarily by gastroenterologists. 
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Gastric Carcinoma in Patients with 
Crohn Disease: Report of Four Cases 





An association between Crohn disease and gastric carcinoma has not been described 
before. However, we report four patients with documented Crohn disease in whom 
gastric carcinoma developed later. In three of the four patients, onset of Crohn disease 
occurred after the age of 40. All of the patients had nonspecific constitutiona! symptoms 
and/or complaints referable to the upper gastrointestinal tract. No clinical evidence of 
active Crohn disease was present. In each patient, barium examination and CT showed 
either a mass (two cases) or other radiologic features of malignancy (two cases). 
Endoscopy with biopsy was performed in three patients and findings were misleading 
in two patients. 

The possibility of an increased risk of malignancy in sites remote from inflamed bowel 
segments has been reported. The findings in this study suggest that patients with Crohn 
disease, particularly disease of late onset, may be predisposed to the development of 
gastric carcinoma. 
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The association between Crohn disease in the large and small intestine and the 
development of malignant tumors in these sites has been the subject of many 
reports [1-6]. Approximately 100 cases of colonic cancer and a similar number of 
small-bowel cancers associated with Crohn disease have been documented in the 
literature. Most of the information concerning the relationship between these entities 
is derived from case reports and smail series. In addition, the possibility that 
patients with Crohn disease may be more susceptible to malignancy at sites remote 
(both gastrointestinal and extraintestinal) from the part of the intestine involved by 
the inflammatory process also has been considered. In the past year, gastric 
carcinoma was diagnosed at this institution in four patients with previously docu- 
mented Crohn disease. Several unique clinical and radiologic features in these 
cases demonstrate the importance of radiology in clarifying the diagnostic problems 
in this setting and possibly in contributing to earlier diagnosis. The possible 
association between gastric carcinoma and Crohn disease also is discussed. 


Subjects and Methods 


Four patients with a known history of Crohn disease were referred between October 1989 
and October 1990, for upper gastrointestinal barium examination for the investigation of a 
variety of upper abdominal and constitutional complaints. One patient had been treated with 
H.-antagonists for 3 months. An upper gastrointestinal examination performed at another 
institution 1 year before had shown a duodenal ulcer. In three patients, the diagnosis of Crohn 
disease had been established on the basis of characteristic radiologic findings. The remaining 
patient had undergone ileal resection and total colectomy for intractable disease. A CT scan 
of the abdomen was obtained in all four patients. Three of the four patients underwent 
endoscopy and biopsy. In two of these three, the endoscopy was repeated. The gastric 
malignant neoplasm was resectable in all but one patient. 
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Results 


There were two men and two women ranging in age from 
29 to 68 (average, 54) years. The age at diagnosis of Crohn 
disease ranged from 15 to 60 (average, 45) years. Three of 
the four patients were more than 40 years old when Crohn 
disease was diagnosed and two of them were more than 60 
years old. The interval between the diagnosis of Crohn dis- 
ease and the diagnosis of gastric carcinoma ranged from 8 
to 14 (average, 9.5) years; in three cases, it was exactly 8 
years. 

The distribution of Crohn disease was terminal ileum (two 
cases), colon (one case), and ileocolitis (one case). All four 
patients were asymptomatic with respect to the Crohn dis- 
ease. One patient was being treated with sulfasalazine and 
another with steroids. Two were not taking medication but 
had received sulfasalazine in the past. One of these two also 
had been treated with steroids and the other with azathio- 
prine. 

Double-contrast upper gastrointestinal examinations 
showed abnormality in the gastric antrum in three patients 
and the gastric cardia in one patient. The antral abnormalities 
consisted of a large ulcer (Fig. 1A), concentric antral narrowing 
with thick nodular folds and multiple ulcers (Fig. 2A), and 
asymmetric antral narrowing with ulceration on the greater 
curvature (Fig. 3A). The fourth patient had mild narrowing of 
the distal esophagus and a mass in the gastric cardia (Fig. 
4A). In all patients, the diagnosis of malignancy was sug- 
gested by the barium study. CT scans in these patients 
showed focal wall thickening (Fig. 1B), a gastric mass (Fig. 
3B, 3C, 4B) and symmetric thickening of the antral wall (Fig. 
2B). In the first three cases, the CT findings supported the 
diagnosis of a neoplasm, and in the last case they were 
inconclusive. 

Endoscopy was performed in three patients. In one patient, 
the initial endoscopic diagnosis was gastric Crohn disease, 
whereas in another a firm region was found in the cardia but 
no definite mass was present. Biopsies in both patients did 
not show malignancy. A second endoscopic examination in 
both cases confirmed the diagnosis. During surgery, the 
tumor was found to have invaded the full thickness of the 
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gastric wall and to have spread to perigastric lymph nodes in 
all four patients. One of the lesions was unresectable, and 
one patient also had liver metastases. Histologic evaluation 
revealed two of the neoplasms to be poorly differentiated 
carcinomas, another neoplasm was poorly differentiated sig- 
net cell, and the last neoplasm was moderately differentiated. 
None of the patients had evidence of Crohn disease in the 
resected specimen. 


Discussion 


The association between Crohn disease and malignancy is 
incompletely defined. Considerable evidence supports a direct 
pathogenetic relationship [1-7]. However, investigations at- 
tempting to document an increased risk of gastrointestinal 
cancer in patients with Crohn disease compared with the 
general population are less conclusive. These studies are 
limited by the small numbers of patients and the methods of 
selecting patients. Retrospective evaluations from tertiary 
referral centers have reported an increased risk that varies 
widely in magnitude for both colonic [1, 6, 8] and small-bowel 
cancer [4, 6]. Conversely, population studies have not shown 
an increased risk of gastrointestinal carcinoma or carcinoma 
at specific gastrointestinal sites in patients with Crohn disease 
[8, 9]. 

In view of the difficulties in documenting an increased risk 
of intestinal cancer in patients with Crohn disease in spite of 
pathologic and epidemiologic data supporting this associa- 
tion, it is understandable that a postulated association be- 
tween gastric carcinoma and Crohn disease would be even 
more tenuous. The mechanism most widely accepted in 
Crohn-related intestinal cancer is long-standing inflammation. 
However, in our patients, this mechanism was absent. These 
patients may have a more generalized malignant diathesis. 
Immunologic compromise due to the underlying disease, the 
drugs used in its treatment, or both may play a role. Genetic 
predisposition to malignancy also could be a factor. Green- 
stein et al. [10] were unable to identify an overall increased 
risk of extraintestinal malignancy in patients with Crohn dis- 
ease. However, there was a statistically significant increase 


Fig. 1.—29-year-old woman with 2- 
month history of epigastric pain radiat- 
ing to back. 

A, Spot film from upper gastrointes- 
tinal study shows large irregular ulcer 
crater in proximal part of antrum. A faint 
defect in barium pool (arrow) surround- 
ing ulcer suggests presence of malig- 
nant tumor. 

B, CT scan from same patient shows 
gastric ulcer (small arrow) extending 
into focally and asymmetrically thick- 
ened gastric wall (large arrow). 
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Fig. 2.—52-year-old man with in- 
creasing abdominal pain and weight 
loss for 10 months. 

A, Spot film from upper gastrointes- 
tinal study shows concentric narrowing 
of antrum extending into duodenal 
bulb. Mucosa is ulcerated and contours 
are nodular. Proximal transition with 
normal wall is abrupt. These features 
suggest neoplasm rather than inflam- 
mation. Initial endoscopic impression 
was gastric Crohn disease. 

B, CT scan shows uniform thicken- 
ing of gastric antrum (arrows). Outer 
margins are indistinct, but no definite 
tumor mass is identified. 
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Fig. 3.—68-year-old woman with an 8-pound (3.6 kg) weight loss in 6 months and a palpable abdominal mass. 

A, Spot film from upper gastrointestinal study shows large irregular mass (arrow) along greater curvature of antrum. Lumen is slightly compressed by 
extrinsic mass. 

B, CT scan shows nonuniform mural thickening (arrow) at junction of body and antrum. 

C, Lower section shows large heterogeneous soft-tissue mass (m), indicating presence of a neoplasm. 


Fig. 4.—68-year-old man with a 3- 
month history of anorexia and dys- 
phagia. 

A, Lateral view of fundus shows a 
well-defined, smooth-surfaced mass 
(arrows) that surrounds and distorts 
cardiac orifice. Mucosa is preserved 
and intraluminal protrusion is minimal. 
Distal esophagus was slightly nar- 
rowed. Initial endoscopy and biopsy did 
not show tumor. 

B, CT scan shows soft-tissue mass 
(arrow) arising from cardia and grow- 
ing predominantly away from lumen. 








A 


314 GLICK 


in neoplasms of the reticuloendothelial system. Crohn disease 
in association with lymphoma has been described [11, 12]. In 
a population study [9] from Denmark, the prevalence of 
extraintestinal cancers was increased in women with Crohn 
disease. However, in a population study [13] from England, 
no increased risk for extraintestinal malignant tumors was 
seen in these patients. 

Some evidence suggests that carcinoma of the gastroin- 
testinal tract in Crohn disease may occur at sites remote from 
the inflammatory process [13]. Approximately one third of 
colonic carcinomas have arisen in segments uninvolved by 
Crohn disease [2]. Gyde et al. [13] found a statistically 
significant excess of tumors in the upper gastrointestinal tract. 
Eight of the nine lesions were at sites uninvolved by Crohn 
disease. Half of the gastrointestinal malignant neoplasms in 
this series were remote from the areas of inflammation. In 
another study [14], two (13%) of 15 gastrointestinal cancers 
of known origin were in the upper gastrointestinal tract and 
five (83%) of 15 were in uninvolved segments. A survey [15] 
of several institutions found 88 cases of gastrointestinal can- 
cer with known site of origin. The malignant neoplasm was 
distant from the Crohn disease in seven patients (8%). 

Specific information on gastric carcinoma and Crohn dis- 
ease is limited. Anecdotal references without mention of 
clinical features have been noted [14, 15]. The only detailed 
analysis is the description by Gyde et al. [13] of four patients. 
Three were women. Three of the patients were more than 50 
years old when Crohn disease was diagnosed. The duration 
of the Crohn disease ranged from 5 to 23 (average, 14) years. 
The age at diagnosis of carcinoma ranged from 56 to 75 
(average, 66) years. In three patients, the Crohn disease was 
confined to the small bowel, and in one patient the distribution 
was ileocecal. 

The number of patients with Crohn disease and gastric 
carcinoma may have been underestimated. In some cases, 
this association can go unrecognized, as the two entities are 
assumed to be unrelated. In other situations, the presence of 
Crohn disease in a patient with gastric carcinoma may be 
unsuspected. It is known that patients subsequently proved 
to have Crohn disease may have had vague symptoms for 
years. Alternatively, some patients initially have obstruction 
from a fibrotic stricture. In approximately 30% of patients with 
colonic carcinoma and Crohn disease, Crohn disease was not 
diagnosed until the patients were examined for symptoms 
related to the carcinoma [2]. Approximately 12% of the small- 
bowel neoplasms were identified either coincidently or within 
1 year of diagnosis of regional enteritis [13]. 

It is interesting that three of the four patients described 
here and all of the patients reported by Gyde et al. [13] were 
more than 40 years old when Crohn disease was diagnosed. 
Patients with onset of Crohn disease after age 40 constitute 
less than 20% of the total population of patients with Crohn 
disease. No other consistent patterns relating to medications, 
disease distribution, or duration of disease were found. 

Although a relationship between Crohn disease and gastric 
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carcinoma is not established, these four cases demonstrate 
several important points. Patients with documented Crohn 
disease in whom symptoms referable to the upper gastroin- 
testinal tract develop should undergo diagnostic examination. 
it should not be assumed that such symptoms are related to 
peptic disease, associated with drug therapy, or related to 
gastric Crohn disease. Radiologic evaluation with barium and 
CT scanning can be important in the diagnosis of gastric 
carcinoma because results of endoscopy and biopsy can be 
vague or misleading. Any gastric narrowing, ulceration, or foid 
thickening seen on upper gastrointestinal examination should 
be carefully assessed for features that suggest malignancy. 
Furthermore, as patients with Crohn disease often have an 
upper gastrointestinal examination done in conjunction with 
small-bowel evaluation during the course of the disease, 
increased scrutiny for subtle gastric mucosal abnormalities 
may be warranted. Although our four patients and those 
reported by Gyde et al. [13] had advanced disease, more 
aggressive treatment could result in earlier diagnosis. In- 
creased awareness of this potential association should pro- 
duce additional reports that may clarify this issue. 


REFERENCES 


1. Glotzer DJ. The risk of cancer in Crohn’s disease. Gastroenterology 
1985;89: 438-441 
2. Hamilton SR. Colorectal carcinoma in patients with Crohn's disease. 
Gastroenterology 1985;89: 398-407 
3, Collier PE, Turowski P, Diamond DL. Small intestinal adenocarcinoma 
complicating regional enteritis. Cancer 1985;55:516~521 
4. Senay E, Sachar DB, Keohane M, Greenstein AJ. Small bowel carcinoma 
in Crohn's disease: distinguishing features and risk factors. Cancer 
1989;63: 360-363 
5. Petras RE, Mir-Madjlessi SH, Farmer RG. Crohn's disease and intestinal 
carcinoma: a report of 11 cases with emphasis on associated epithelial 
dysplasia. Gastroenterology 1987;93: 1307-1314 
6. Richards ME, Rickert RR, Nance FC. Crohn’s disease-associated carci- 
noma: a poorly recognized complication of inflammatory bowel disease. 
Ann Surg 1989;209:764-773 
7. Savoca PE, Ballantyne GH, Cahow CE. Gastrointestinal malignancies in 
Crohn's disease. Dis Colon Rectum 1990;33:7-11 
8. Fireman Z, Grossman A, Lilos P, et al. Intestinal cancer in patients with 
Crohn's disease: a population study in central israel. Scand J. Gastroen- 
terol 1989,24 : 346-350 
9. Kvist N, Jacobsen O, Norgaard P, et al. Malignancy in Crohn's disease. 
Scand J Gastroenterol 1986:21:82-86 
10. Greenstein AJ, Gennuso R, Sachar DB, et al. Extraintestinal cancers in 
inflammatory bowel disease. Cancer 1985;56:2914-2921 
11. Glick SN, Teplick SK, Goodman LR, Clearfield HR, Shanser JD. Develop- 
ment of lymphoma in patients with Crohn disease. Radiology 
1984; 153:337-339 
12. Shepherd NA, Hall PA, Williams GT, et al. Primary malignant lymphoma of 
the large intestine complicating chronic inflammatory bowel disease. His- 
topathology 1989;15:325-337 
13. Gyde SN, Prior P, Macartney JC, Thompson H, Waterhouse JAH, Allan 
RN. Malignancy in Crohn's disease. Gut 1980;21: 1024-1029 
14. Greenstein AJ, Sachar DB, Smith H, Janowitz HD, Aufses AH Jr. Patterns 
of neoplasia in Crohns disease and ulcerative colitis. Cancer 
1980;46: 403-407 
15. Korelitz BI. Carcinoma of the intestinal tract in Crohn's disease: results of 
a survey conducted by the national foundation for ileitis and colitis. Am J 
Gastroenterol 1983;78:44-46 


315 


Case Report 





Diffuse Stenosis of the lleum After Ureteroileal 
Interposition: Radiologic-Pathologic Correlation in Two 


Cases 


Glenn A. Tung,’ Nicholas Papanicolaou,’ Lawrence R. Zukerberg,” and Isabel C. Yoder’ 


The smail intestine has been effectively used for partial or 
complete replacement of a diseased ureter since 1906 [1, 2]. 
Indications include primary ureteral lesions, such as strictures 
and neoplasms; extrinsic processes involving the ureter, such 
as retroperitoneal neoplasms or fibrosis; and penetrating or 
surgical trauma. In recurrent nephrolithiasis, ileoureteral inter- 
position is an attractive alternative because the large caliber 
of the intestine allows painless passage of stones. 

When success is defined as a pain-free state and stable or 
improved renal function, a successful outcome for ureteroileal 
interposition can be expected in more than 80% of cases [2]. 
Focal strictures or dilatation with decompensation of the 
intestinal ureter have been reported [3, 4]. We present the 
imaging studies with pathologic correlation in two cases of 
ureterointestinal interposition complicated by narrowing of the 
entire intestinal segment, which occurred 3 months and 33 
years after surgery. 


Case Reports 
Case 1 


A 24-year-old man with cystinuria underwent right-sided ileoure- 
teral interposition for a distal right-sided ureteral stricture resulting 
from recurrent nephrolithiasis that was refractory to dilatation. During 
surgery, it was noted that twisting the ileum on its mesentery to 
maintain orthoperistalsis generated a modest amount of venous 
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congestion. A stentogram, obtained on the seventh day after surgery, 
revealed an edematous and largely effaced mucosal pattern of the 
ileal segment, although the caliber of the conduit was normal and 
pelvicaliceal dilatation had resolved (Fig. 1A). Peristaisis was sluggish. 

Three months later, the patient had pain in the right flank. Excretory 
urography revealed right-sided urinary obstruction with poor visual- 
ization of the ureter. No vesicoureteral reflux was seen on voiding 
cystography. Antegrade pyelography and a ureteral perfusion study 
were performed to define the location and severity of obstruction 
[5]. The study revealed moderate pyelocaliectasis and marked nar- 
rowing of the lumen of the interposed segment of ileum (Fig. 1B). 
During ureteral perfusion, the differential pressure between the kidney 
and the bladder rose to 20 cm of water at a perfusion rate of 15 mi 
min, 

Surgery was performed to replace the stenotic ureteroileal seg- 
ment. Pathologic examination revealed acute and chronic inflamma- 
tion in the wall of the ileum, with marked fibrosis of the submucosa 
and muscularis propria and narrowing of the lumen. Widespread 
arterial and venous thrombosis of small and medium-sized vessels 
was noted, with prominent vascular recanalization suggestive of 
chronic ischemia (Fig. 1C). 


Case 2 


An 11-year-old boy had surgery at another hospital for a retro- 
peritoneal mass. After resection of what proved to be a left-sided 
megaureter, the patient was transferred to our hospital, where a 
tapered ileal ureter was created on the left side. Mild caliectasis was 
noted on excretory urography done 6 months after surgery and was 
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Fig. 1.—Right-sided ureteroileal interposition in a patient with distal ureteral 
stricture and recurrent nephrolithiasis. 

A, Stentogram obtained 7 days after surgery shows a normal-appearing pyelo- 
caliceal system. Mucosal pattern of ileal ureter is effaced. 

B, Antegrade pyelogram obtained 3 months after surgery shows marked, diffuse 
narrowing of ileal ureter and moderate pyelocaliceal dilatation. 

C, Magnified photomicrograph of a representative submucosal, medium-sized 
vein from resected ileal ureter specimen. Organized thrombus (straight arrow) 
obstructs lumen of vessel, and there is evidence of recanalization (curved arrow), 
suggesting chronic ischemia. Similar changes were noted in adjacent arteries. 














—_— 
A. 
ins 


‘fi E ay n ‘ 
Se ah 
% aii, 
La vé E 


Fig. 2.—Ureteroileal interposition performed after resection of a megaureter on left 
side. 

A, Antegrade pyelogram obtained 6 months after surgery shows a normal ileal ureter 
with mild pyelocaliectasis. Note intact mucosal pattern. 

B, Antegrade pyelogram obtained 33 years after surgery shows marked pyelocaliec- 
tasis and multiple, circumferential narrowings involving entire intestinal ureter. 

C, Magnified photomicrograph of mucosa and submucosa from resected ileal ureter. 
Note marked villous atrophy (open arrow), submucosal edema, and absence of Peyer 
patches. Submucosal arteries and veins appear normal (solid arrows). 
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confirmed on an antegrade pyelogram (Fig. 2A). However, the ileal ential pressures between the kidney and the bladder of 21 and 31 


ureter appeared normal, peristalsis was active, and the perfusion 
study yielded normal pressures. 

Three years later, the patient had intermittent pain in the left flank. 
Excretory urography showed delayed pyelogram effect and severe 
pyelocaliectasis. Antegrade pyelography showed serial stenoses in- 
volving the entire interposed ileal ureter, which had little peristaltic 
activity (Fig. 2B). A ureteral perfusion study revealed elevated differ- 


cm of water at perfusion rates of 10 and 15 ml/min, respectively. 

During surgery, circumferential narrowings throughout the ileal 
segment were found with normal blood supply to the interposed 
bowel. Pathologic examination revealed villous atrophy and submu- 
cosal thickening by loose, edematous fibrovascular tissue, with com- 
promise of the intestinal lumen. Submucosal lymphoid aggregates 
were absent, and chronic inflammation was minimal (Fig. 2C). 
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Discussion 


When ureteroneocystostomy, autotransplantation, or trans- 
ureteroureterostomy is not feasible for repair of a diseased 
ureter, partial or complete replacement of the ureter by intes- 
tine is an effective alternative. In a review of 89 patients’ 
records after ileoureteral interposition, Boxer et al. [2] re- 
ported that 75% of patients had stable or improved renal 
function and 87% had no progression of renal collecting 
system dilatation after surgery. Fritzsche et al. [1] presented 
the radiologic changes of the kidneys in 39 patients followed 
up for up to 17 years after ureteroileal interposition. Pyelo- 
Caliceal dilatation decreased in 19 and was unchanged in 12 
of 34 patients. Despite the frequent coexistence of ureteral 
reflux and bacteriuria, in no case was radiologically detectable 
renal parenchymal loss observed at follow-up [1]. However, 
neither series described changes in the appearance of the 
ureteral conduit itself. 

Few complications have been reported after ureteroileal 
interposition. Tanagho [4] described five cases of dilatation 
of the interposed intestine, resulting in urinary stasis, infection, 
electrolyte imbalance, and renal parenchymal damage. He 
postulated that ileal segments, subjected to intermittent high 
bladder pressures within the closed-end urinary tract, are 
likely to decompensate. Hendren and McLorie [3] reported 
on five patients in whom solitary focal strictures developed in 
interposed bowel segments 2~19 years after surgery. Focal 
and diffuse strictures of ileal conduits have been reported in 
children and adults [6, 7]. The cause of strictures developing 
in segments of small bowel used as urinary diversion loops 
or ureters is not always clear. In some cases, the early onset 
of the pathologic process and the histologic findings support 
an ischemic insult. In other cases, onset is late or prolonged 
and the pathogenetic mechanism is one of inflammation and 
fibrosis of the mucosa and submucosa, mucosal atrophy, and 
hypertrophy of the muscular layer with normal-appearing 
blood vessels [6, 7]. Hendren and McLorie [3] ruled out 
ischemia as the cause of late focal strictures in intestinal 
ureters. Instead, they favored a hypothesis introduced by 
Tapper and Folkman [8], who described late strictures in 
canine intestinal segments exposed to urine. Microscopic 
examination of the specimens showed marked lymphoid de- 
pletion in submucosal sites and hypertrophy of adjacent mes- 
enteric lymph nodes. A lymphotoxic effect of urine on mural 
lymphoid populations was postulated. Depletion of lymphoid 
cells together with reflux may predispose to recurrent inflam- 
mation, infection, and fibrosis. 
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As the radiologic changes in the appearance of an ileal 
ureter may be the deciding evidence that the surgical proce- 
dure has failed, the radiologist should be familiar with the 
features of normal ureteroileal interposition. In the early post- 
operative period, the normal ileal mucosal pattern is demon- 
Strable and intestinal caliber is maintained. Often, the ileal 
segment may be tapered throughout its length or distally only, 
the latter to allow a nonrefluxing implantation. Early transient 
distortion of the intestinal conduit, due to edema of its mes- 
entery from recent surgical manipulation, may occur. On the 
other hand, a featureless mucosal pattern with mural or 
mucosal changes suggestive of hemorrhage or edema soon 
after surgery is likely to be a harbinger of ischemia and 
eventual renal obstruction. Several years after surgery, some 
effacement of the mucosa due to columnar or urothelial 
metaplasia can be seen [3]; however, the intestinal origin of 
the replaced ureter should still be recognizable and its caliber 
should remain relatively unchanged. 

The two cases reported here are unique in that the patho- 
logic changes involved the entire interposed ileal segment. 
Both patients had urinary obstruction and similar radiologic 
appearance. They differ in the temporal evolution of the 
strictures and the histologic changes of the ileal ureters. The 
ischemic stricture in the first patient developed shortly after 
Surgery. In the second patient, the stricture appeared late 
and the histologic findings were similar to those described in 
lymphoid-depleted ileal loops exposed to urine [8]. 
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Primary Esophageal Melanoma 


James H. Brown’ and Felix S. Chew 


A 40-year-old woman had had dysphagia for 2 months. A lateral 
radiograph of the neck showed a mass in the upper esophagus (Fig. 
1) that a subsequent barium esophagogram showed was an ulcerated 
intraluminal polypoid lesion. Chest CT showed involvement of the 
posterior esophageal wall; other mediastinal structures were unin- 
volved. The differential diagnosis included benign and malignant 
tumors, inflammatory polyp, and impacted food bolus. Esophagec- 
tomy was performed. The lesion was ulcerated and pigmented. 
Microscopy showed malignant melanocytes and deep invasion 
through the epithelium to the inner layer of the tunica muscularis. 
Melanocytic junctional activity and atypical melanocytic hyperplasia 
were present. The final pathologic diagnosis was primary malignant 
melanoma of the esophagus. 

Primary malignant melanoma of the esophagus is rare, accounting 
for 0.1%-0.2% of esophageal malignancies and 0.5% of noncuta- 
neous melanomas; melanoma metastatic to the esophagus may be 
even less common [|1]. The lesion is thought to arise from benign 
melanocytes found in the normal esophageal epithelium. The tumors 
spread horizontally along the epithelium but also grow vertically to 
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Fig. 1.—Primary esophageal melanoma. 





form polypoid masses that usually are covered by intact mucosa. 
Adjacent satellite nodules may exist. Symptoms of dysphagia are 
related to mass effect, at which time the lesions are clinically ad- 
vanced. The biological behavior is aggressive, with hematogenous 
metastases to multiple organs and tissues and lymphatic metastases 
to the mediastinal and supraclavicular nodes. On barium esophago- 
gram, the tumor usually appears as a polypoid intraluminal filling 
defect within a dilated esophageal segment [2]. The surface is usually 
smooth except for focal ulcerations. CT is unlikely to show the depth 
of invasion into the esophageal wall, but knowledge of the depth 
probably has no effect on outcome. Treatment is wide surgical 
resection, but the prognosis is dismal. 
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A, Lateral radiograph of neck shows top of soft-tissue mass in esophagus (arrow). 

B, Barium esophagogram shows intraluminal polypoid lesion with deep ulceration (arrow). 

C, Contrast-enhanced (oral and IV) CT scan at level of aortic arch shows mass (arrow) in posterior esophageal wall. 

D, Esophagectomy specimen shows pigmented polypoid mass with three deep ulcers (one is indicated by white arrow). Superficial erosions cover 


mass, and an adjacent area of melanosis (black arrow) is present. 
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Case Report 





Giant Thoracic Osteophyte Causing Esophageal Food 


Impaction 


Sharon Underberg-Davis' and Marc S. Levine 


Dysphagia can occasionally be caused by giant vertebral 
osteophytes or exuberant bone formation associated with 
diffuse idiopathic skeletal hyperostosis (DISH). Almost all of 
the reported cases have resulted from large anterior osteo- 
phytes in the cervical spine that impinged on the hypopharynx 
or cervical esophagus [1-6]. Rarely, dysphagia can be caused 
by osteophytes in the thoracic spine [7]. It has been sug- 
gested that osteophytes are more likely to cause narrowing 
of the cervical esophagus because the esophagus is fixed in 
the neck at the level of the cricoid cartilage, whereas the 
thoracic esophagus is a relatively mobile structure that can 
be displaced anteriorly or laterally without being compressed 
[4, 5]. Nevertheless, we recently encountered a patient who 
had an esophageal food impaction above a giant thoracic 
osteophyte associated with DISH. To our knowledge, verte- 
bral osteophytes have not been described previously as a 
cause of food impaction in the esophagus. 


Case Report 


A 76-year-old man came to the emergency department with acute 
onset of substernal dysphagia after ingesting a large piece of pork 
several hours earlier. His dysphagia was so severe that he was 
unable to swallow his saliva. The patient had experienced a similar 
episode 2 years earlier that had resolved spontaneously. Plain films 
of the neck and chest revealed no evidence of a radiopaque foreign 
body. However, there was exuberant osteophytosis in the cervical 
and thoracic spine (i.e., DISH) with a giant thoracic osteophyte seen 
extending anteriorly 2 cm from the intervertebral junction at the T9- 
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T10 level (Fig. 1A). A single-contrast esophagogram revealed com- 
plete obstruction of the mid esophagus with barium outlining the 
superior border of a polypoid filling defect due to a meat bolus 
impacted in the esophagus above this giant osteophyte at the T9- 
T10 level (Fig. 1B). A small amount of aspirated barium was noted in 
the tracheobronchial tree. As the examination was being performed, 
the meat bolus dislodged spontaneously from the site of impaction 
and entered the stomach. The patient immediately experienced dra- 
matic relief of symptoms. Reexamination of the esophagus revealed 
a smooth, extrinsic indentation on the right posterolateral wall of the 
esophagus caused by the osteophyte at the T9-T10 level (Fig. 1C). 
However, no evidence of intrinsic stricture formation was present in 
the esophagus, which otherwise appeared normal, except for disor- 
dered motility with poor primary peristalsis. The final diagnosis was 
a giant thoracic osteophyte causing an esophageal food impaction 
that resolved spontaneously during the barium study. 


Discussion 


Previous reports indicate that dysphagia can occasionally 
be caused by large anterior osteophytes in the cervical or 
thoracic spine [1-7]. However, most patients with cervical or 
thoracic osteophytes indenting the esophagus have no 
esophageal symptoms. As a result, osteophytes should be 
considered as the cause of dysphagia only when other patho- 
logic lesions in the esophagus (e.g., tumors, webs, rings, and 
strictures) have been excluded. Our patient was unusual in 
that he had acute onset of dysphagia due to an esophageal 
food impaction that was apparently precipitated by a giant 
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Fig. 1.—Giant thoracic osteophyte causing esophageal food impaction. 


A, Close-up view from lateral chest radiograph shows bony changes of diffuse idiopathic skeletal hyperostosis in thoracic spine with giant anterior 


osteophyte (arrow) at T9-T 10 level. 


B, Initial esophagogram shows complete obstruction of mid esophagus with barium outlining proximal border of impacted meat bolus (black arrows) 
above osteophyte (white arrows), which is seen projecting to right of esophagus. 

C, After spontaneous passage of meat bolus into stomach, second esophagogram in left posterior oblique projection shows smooth, extrinsic indentation 
on right posterolateral wall of esophagus caused by osteophyte (arrows), which is seen faintly in this projection. Note additional osteophytes proximally 


and distally. 


thoracic osteophyte impinging on the esophagus (Fig. 1). We 
suspect that abnormal esophageal motility and the large size 
of the ingested meat bolus contributed to the impaction. Oral 
administration of a gas-forming agent or IV administration of 
glucagon can sometimes facilitate passage of the foreign body 
into the stomach [8]. In our patient, however, distension of 
the esophagus by the barium bolus caused the impacted 
meat to pass spontaneously from the esophagus. 

Food impactions in the thoracic esophagus often result 
from a large bolus of unchewed meat lodging above an 
anatomic or pathologic area of narrowing, such as a lower 
esophageal ring or a benign or malignant stricture [8]. How- 
ever, our experience indicates that giant thoracic osteophytes 
also should be recognized as a rare cause of dysphagia and 
esophageal food impaction. An osteophyte should be sus- 
pected as the cause of obstruction when an esophagogram 
reveals marked hypertrophic changes in the thoracic spine at 
this level. Nevertheless, a second esophagogram should be 
obtained after the impaction has been relieved in order to 
confirm that the osteophyte is impinging on the esophagus 
and to rule out underlying esophageal disease. In some cases, 
CT also may be helpful for documenting the presence of a 
bony mass that is encroaching on the esophagus and for 
excluding a neoplasm, vascular anomaly, or other extrinsic 


mass lesion in the posterior mediastinum [7]. When an esoph- 
ageal food impaction is caused by a giant osteophyte, the 
patient should be advised to chew more carefully to avoid 
recurrent food impactions in the future. Rarely, surgical re- 
moval of the osteophyte may be required. 
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Review Article 





Retroperitoneal Fibrosis 


E. Stephen Amis, Jr.’ 


Retroperitoneal fibrosis is idiopathic in two thirds of cases and 
is found most commonly as an isolated fibrotic plaque centered 
over the lower lumbar spine and entrapping one or both ureters. 
it has been postulated that the fibrosis in the idiopathic cases 
results from a hypersensitivity reaction to antigens leaking into 
the retroperitoneum from atheromatous plaques in the aorta or 
common iliac arteries. In the remaining one third of cases, causes 
include ergot-derivative drugs, retroperitoneal hemorrhage or 
urine extravasation, and a desmoplastic response to a variety of 
tumors. in up to 15% of cases, associated fibrotic processes are 
found elsewhere in the body. Although the disease is imaged 
best with CT or MR, neither of these techniques can be used to 
differentiate benign from malignant plaques. Histologically, the 
disease is characterized in its early stages by inflammatory cells 
and edema in a loose collagen network. The mature plaque is 
composed of dense fibrous tissue with minimal cellular infiltration. 
This progression is important as it influences MR signal charac- 
teristics. 


Retroperitoneal fibrosis (RPF) has been described in large 
part by anecdotal reports in the literature over the past 85 
years. The noted French urologist Albarran [1] first advised 
ureterolysis (freeing of the ureter) in 1905 on the basis of 
three successes in patients whose ureters were encased in 
thick fibrous tissue. However, it was not until 1948 that John 
K. Ormond, a urologist at Henry Ford Hospital in Detroit, 
established as a recognized clinical entity the retroperitoneal 
fibrotic process that tends to entrap the ureters [2]. Since 
then, many names have been applied to this condition, includ- 
ing Ormond disease, nonspecific retroperitoneal inflammation, 
sclerosing retroperitonitis, retroperitoneal vasculitis with peri- 
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vascular fibrosis, and periaortitis. Although we now know a 
great deal more about the clinical and imaging characteristics 
of RPF, its cause in most cases remains a puzzle. This review 
summarizes the current concepts about this fascinating dis- 
ease. 


Systemic Nature of Retroperitoneal Fibrosis 


Although in most cases the fibrotic process is localized 
about the lower aorta and common iliac arteries in the retro- 
peritoneal space, secondary manifestations of the disease 
are protean. Up to 15% of patients have additional fibrotic 
processes outside the retroperitoneum; occasionally several 
organ systems are involved simultaneously [3]. The most 
commonly recognized associated conditions are mediastinal 
tibrosis, Riedel fibrosing thyroiditis, sclerosing cholangitis, and 
fibrotic orbital pseudotumors [4]. These are thought to be 
major regional manifestations of a systemic sclerosing dis- 
ease whose cause is poorly understood. Other associated 
fibrotic processes can occur in virtually every organ, from the 
frontal lobe of the brain to the parenchyma of the testes [5, 
6]. Further, RPF occasionally may be associated with Weber- 
Christian disease (nonsuppurative panniculitis) and sclerosing 
mesenteritis [6]. 

In the abdomen, RPF may spread contiguously to involve 
multiple structures in both the retroperitoneum and the peri- 
toneal cavity, or multiple unattached sites may be involved. 
Fibrous lesions in all of these locations have virtually the same 
histologic pattern, attesting to a similar origin. 
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Etiology 


About two thirds of all cases of RPF are considered idi- 
opathic in that no specific cause can be proved [5-7]. These 
often are called Ormond disease. The remaining one third of 
cases usually can be traced to the use of various medications, 
to a retroperitoneal desmoplastic response to various malig- 
nancies, or to other inciting factors or conditions occurring in 
the retroperitoneum, such as infection or hemorrhage. 

Several theories have been advanced about the cause of 
idiopathic RPF. Some reports have implicated a vasculitis 
because a prominent perivascular inflammation occurs in the 
early course of the disease [8]; others have postulated that 
RPF is a manifestation of a systemic collagen disease [9]. 
Yet another theory is that the fibrosis may be a local expres- 
sion of an immunologically mediated systemic disease [10]. 

Idiopathic RPF usually occurs only in areas where the wail 
of an artery (usually the aorta) has severe atherosclerotic 
plaques and attenuation of the media. A commonly held 
theory on the origin of RPF is that fibrosis develops in re- 
sponse to leakage of an insoluble lipid (ceroid) from the 
atheroma into the periaortic tissue [3, 11]. Ceroid, often found 
in macrophages in the aortic adventitia or in adjacent nodes, 
is thought to induce an immune response that results in 
formation of the plaque. It has been suggested that all forms 
of fibrosis throughout the body are the result of hypersensi- 
tivity to such antigens in atheromatous plaques and therefore 
should be termed chronic periaortitis or periarteritis [11, 12]. 
However, this would not explain fibrosis occurring in children 
who have no atheromatous arterial disease. Although idi- 
opathic RPF may be due to one or more of these causes, 
currently its true etiology remains unknown. 

In those cases in which a cause of RPF can be deduced, 
the most well known is the use of methysergide, an ergot 
derivative that formerly was prescribed rather commonly for 
the treatment of migraine headache. This drug accounts for 
about 12% of all reported cases of RPF [5]. Usually, pro- 
longed, uninterrupted use of methysergide is necessary for 
the development of RPF [13]. Other ergot derivatives report- 
edly associated with RPF include lysergic acid diethylamide 
and bromocriptine, a drug related to methysergide that is 
used in the treatment of parkinsonism [14]. Several other 
drugs may be causally related to RPF; these include beta 
blockers, methyldopa, hydralazine, and various analgesics 
and antibiotics [15, 16]. 

Specific infections such as tuberculosis, syphilis, actino- 
mycosis, and various fungal infections have been reported as 
possible causes of RPF, as have nonspecific inflammatory 
processes such as diverticulitis and appendicitis [16]. Hemo- 
siderin deposits in some fibrotic plaques indicate previous 
retroperitoneal hemorrhage as a factor in the development of 
RPF. Although such hemorrhage can be spontaneous or due 
to trauma, it also can occur after surgical procedures such as 
aortic bypass surgery and anterior spinal fusion, both of which 
have been complicated on rare occasions by subsequent 
RPF. 

Malignancy accounts for approximately 8-10% of all cases 
of RPF [5]. In these cases, small metastatic foci in the 
retroperitoneum elicit a desmoplastic response, resulting in a 
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fibrotic plaque that is grossly and clinically difficult to differ- 
entiate from RPF due to other causes, especially in patients 
with no known primary malignancy. Multiple malignancies 
have been reported as causing this fibrotic response, includ- 
ing carcinomas of the breast, lung, thyroid, gastrointestinal 
tract, and genitourinary organs, as well as lymphomas and 
some sarcomas [5, 6]. 

Another entity related to the cause of RPF is perianeurys- 
mal fibrosis. Approximately 5-10% of all aortic or aortoiliac 
aneurysms form a perivascular rind that may surround the 
aneurysm only or may extend laterally far enough to envelop 
and obstruct the ureters [17]. These are sometimes referred 
to as inflammatory aneurysms [18]. Some authorities think 
that RPF and perianeurysmal fibrosis are separate diseases, 
but the clinical manifestations of the two can be similar, and 
the pathologic features are indistinguishable [19]. In the past, 
it was thought that perianeurysmal fibrosis might be the result 
of leakage from the aneurysm causing a fibrous reaction. 
However, hemosiderin has not been found in the fibrous tissue 
surrounding the aneurysm, making the theory of leakage of 
blood unlikely [20]. As with idiopathic RPF, it has been 
postulated that perianeurysmal fibrosis is an immune re- 
sponse to ceroid produced in an atheromatous plaque and 
that RPF and perianeurysmal fibrosis are probably the same 
disease [21]. 


Clinical Characteristics 


RPF is rare, with a prevalence of about one per 200,000 
population [22]. The average age at onset of signs and 
symptoms is approximately 50 years; in 70% of patients, the 
age at diagnosis is between 30 and 60 years [3]. In idiopathic 
RPF, males predominate over females by a factor of two to 
one; in RPF due to methysergide, this ratio is reversed [5]. 
However, in cases of RPF associated with malignancy, the 
sex distribution is equal. Although RPF is distinctly uncommon 
in childhood, it does occur in the preteen years and as early 
as the fetal period [23, 24]. 

Signs and symptoms may be related to entrapment and 
compression of the ureters, inferior vena cava, aorta and its 
branches, or gonadal vessels. The ureters are the most 
frequently compressed structures, probably because they 
offer less resistance than other vulnerable organs [25]. Ure- 
teral obstruction, although often asymptomatic because of 
the insidious nature of the disease, may result in pain and 
tenderness in the flank or costovertebral angle, ureteral colic, 
oliguria or anuria, and eventual renal failure. Compression of 
the inferior vena cava, when severe enough, can cause edema 
of the lower extremities or scrotum or deep thrombophlebitis 
of the legs. Involvement of gonadal vessels and lymphatics 
can result in hydrocele and scrotal discomfort. As the condi- 
tion progresses, the aorta and common iliac arteries eventu- 
ally may be compressed, leading to claudication and gangrene 
of the lower extremities [26]. With extensive plaques, stenosis 
of the renal arteries may result in renovascular hypertension 
[27], and occlusion of the superior and inferior mesenteric 
arteries can lead to bowel ischemia [25]. 

Far less commonly, extensive fibrosis may result in biliary 
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obstruction, portal hypertension, or blockage of the gastroin- 
testinal tract [13, 19, 23, 25]. When mediastinal fibrosis 
occurs, common manifestations include the superior vena 
caval syndrome, constrictive pericarditis, and pulmonary hy- 
pertension [27]. 

Patients may also have nonspecific signs and symptoms, 
such as dull, noncolicky pain localized to the back or abdo- 
men; fatigue; weight loss; and mild fever [5]. Laboratory 
findings are also nonspecific. The urine is typically sterile. 
Anemia is common, with the hematocrit frequently less than 
33% (0.33) [3]. An elevated erythrocyte sedimentation rate is 
found in 94% of patients on the initial examination [6]. Some 
degree of renal compromise is found in up to 75% of patients 
with RPF [16]. 


Pathology 


On gross examination, the fibrotic plaque has a woody 
consistency and is gray-white. The anterior margin of the 
lesion generally respects the posterior peritoneal boundary 
and is delineated clearly; the posterior margin is defined more 
poorly and cannot be separated easily from adjacent struc- 
tures [28]. The plaque usually is centered over the anterior 
surfaces of the fourth and fifth lumbar vertebrae; surrounds 
the aorta, vena cava, and common iliac vessels; and usually 
does not extend laterally more than about 1 cm beyond the 
ureters [29] (Fig. 1). 

In the formative stages of the disease, histologic examina- 
tion of the plaque reveals an immature fibrotic process with 
many fibroblasts, inflammatory cells, and capillary proliferation 
in a loose network of collagen fibers [29] (Fig. 2A). This early 
process is typically paraaortic. In this stage, the tissue has a 
high fluid content because the new vessels have leaky inter- 
endothelial junctions, allowing the passage of proteins and 
RBCs into the extravascular space [30]. As the plaque ma- 
tures, the collagen tends to become hyalinized, and cellular 
activity declines. The mature plaque is composed of dense 
hyalinized collagen containing few cellular elements [30] (Fig. 
2B). This maturation appears to progress laterally from the 
midline. As the fibrosis envelops vascular structures and the 


Fig. 1.—Diagrams of typical location and ex- 
tent of retroperitoneal fibrosis. 

A, Coronal view. Note that plaque usually does 
not extend to lateral borders of psoas muscles. 

B, Transverse view. Great vessels are envel- 
oped by plaque but not elevated from spine. IVC 
= inferior vena cava, mm = muscles. 
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ureters, a well-defined dissection plane usually remains, which 
allows these structures to be freed easily from the plaque. 
When RPF is associated with metastatic neoplasm, it usu- 
ally is impossible to distinguish grossly the resultant plaque 
from its benign counterpart [31]. Histologically, the pattern is 
similar to that of the early phase of idiopathic fibrosis, with 
the exception of having a few malignant cells scattered among 
the inflammatory cells in the collagen mesh [32] (Fig. 2C). 


Imaging 


The retroperitoneal space has been described as a “veri- 
table jungle of strange things” [33] and a “hinterland of 
straggling mesenchyme, with vascular and nervous plexuses, 
weird embryonic rests and shadowy fascial boundaries” [34]. 
These descriptions were penned 25 years ago or more, and 
we now have a far better understanding of the anatomy of 
this region, gleaned from the results of cross-sectional imag- 
ing techniques such as CT and MR. However, at the time of 
its recognition as a Clinical entity about four decades ago, 
RPF could be diagnosed only by showing the extrinsic com- 
pressive effect of the plaque on the ureters and great vessels. 
Therefore, because the most common consequence of the 
disease is ureteral compression, urography became the pro- 
cedure of choice for diagnosing this condition. Not surprising, 
the term “squeezing disease” came to be used in describing 
RPF [35]. 

The scout film for the excretory urogram typically shows 
normal psoas outlines bilaterally because the fibrosis usually 
does not extend to the lateral borders of these muscles [29]. 
With a more extensive plaque, obliteration of the psoas 
outlines may be observed [36]. On the subsequent urographic 
study, the hallmark of RPF is a smooth extrinsic narrowing of 
one or both ureters in the region of the lower lumbar spine or 
upper sacrum, with proximal hydronephrosis of various de- 
grees. Bilateral involvement occurs in two thirds of cases in 
adults and in about half in children [24]. Primary ureteral 
tumors, periureteral adenopathy, and postoperative or inflam- 
matory strictures of the ureter can result in similar radiologic 
findings. 
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Fig. 2.—Histopathologic findings in retroperitoneal fibrosis. (Original magnification x375) 

A, Early stage of idiopathic plaque formation. Note hypercellularity, capillary proliferation (arrows), and edematous appearance. 

B, Mature plaque. Note minimal cellularity in dense collagen. 

C, Malignant retroperitoneal fibrosis associated with adenocarcinoma of stomach. Note paucity of malignant cells (arrows) and significant numbers of 
inflammatory cells in a somewhat edematous network of collagen. 

(Courtesy of K. O’Toole, New York, NY.) 


Early descriptions of the urographic findings also noted 
medial deviation of the involved ureters, which at the time 
was considered a pathognomonic sign of RPF [37]. However, 
two studies in the early 1970s found no significant difference 
in the position of normal ureters relative to the lumbar spine 
when compared with ureters trapped by RPF [38, 39]. Normal 
ureters overlapped or coursed medially to the lower lumbar 
or upper sacral pedicles in 18% of control subjects [39]. 
Further, hypertrophy of the psoas muscles can result in 
significant medial deviation of the ureters in muscular patients. 
It can be concluded, therefore, that in patients with RPF, the 
ureter, which is normally quite variable in its course, most 
likely is entrapped in its normal location by the expanding 
plaque rather than being pulled medially by the fibrotic proc- 
ess. 

In the rare instances in which the fibrosis has extended into 
the true pelvis, circumferential compression of the bladder 
may result in a teardrop configuration, a pattern also seen 
with pelvic lipomatosis, pelvic hematoma, bilateral pelvic 
lymphadenopathy, and pelvic collateral vessels forming in 
response to occlusion of the inferior vena cava [40]. 

In some cases, excretory urography does not indicate the 
extrinsic nature of the ureteral obstruction. In these patients, 
retrograde or antegrade ureterography is necessary to define 
the obstruction adequately [41]. During retrograde studies, a 
5- or 6-French catheter usually can be passed easily through 
the strictured area, suggesting that the cause of the obstruc- 
tion is a loss of normal ureteral peristalsis due to entrapment 
of the ureter in the fibrotic plaque [6, 42]. Fluoroscopy con- 
firms diminished ureteral peristalsis in such cases [6]. How- 
ever, occasionally ureteral catheters will not pass through the 
tapered area, indicating that the cause of the obstruction is 
an extremely dense plaque mechanically compressing and 
possibly infiltrating the ureter [43]. 


Inferior vena cavography in patients with RPF typically 
shows a smooth, tapered narrowing of the inferior vena cava, 
also usually at the level of the lower lumbar spine or upper 
sacrum (Fig. 3); in some cases the vessel may be obstructed 
completely [44]. The length of constriction of the inferior vena 
cava was used as a measure of the extent of the plaque 
before the advent of cross-sectional imaging techniques. Aor- 
tography can show smooth or irregular narrowing of the distal 
aorta and common iliac arteries and, depending on the stage 
of development of the fibrotic process, may show hypervas- 
cular staining in the region of the plaque itself [45]. 

Lymphangiographic findings in RPF include dilatation and 
tortuosity of the lymph vessels, with delay in passage of 
contrast material through the periaortic nodes [46]. However, 
the lymphangiogram may be normal even when RPF is far 
advanced [47]. In the early stage of plaque development 
when active inflammation is present, °’Ga-citrate scanning 
may show uptake of the radionuclide in the periaortic area [3, 
11, 48]. 

Barium studies of bowel compressed by RPF show a 
smooth, extrinsic tapering of the lumen similar to that seen 
involving the ureter on urography. In such cases, the differ- 
ential diagnosis is essentially the same as that given previ- 
ously for ureteral narrowing. When the rectosigmoid is com- 
pressed, the appearance often is similar to that seen with 
pelvic lipomatosis or may resemble changes induced by ra- 
diation or even scirrhous carcinoma. 

Sonography can suggest the presence of RPF. Character- 
istically, the fibrous plaque is seen as a smooth-bordered, 
relatively echo-free mass anterior to the lower lumbar spine 
or sacral promontory [49] (Fig. 4). This is true for both benign 
and malignant RPF as well as most cases of malignant 
lymphadenopathy. Perianeurysmal fibrosis is also essentially 
echo free and, depending on its extent, has an appearance 
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similar to that of RPF [51]. Unfortunately, subtle or early 
changes of RPF can be missed on sonograms because of 
overlying gas- or fluid-filled bowel loops. 

CT and MR are currently the most definitive techniques for 
diagnosing and determining the extent of RPF. The plaque 
typically begins below the aortic bifurcation at the level of the 
sacral promontory or the fourth or fifth lumbar vertebra and 
then spreads along the anterior surface of the spine cephalad 
toward the renal hila, where, on rare occasion, it may envelop 
the renal pelvis and even surround the kidney [15, 27, 52] 
(Fig. 5). As it progresses, it envelops the aorta and inferior 
vena cava and often entraps the ureters in its anterolateral 
margins as it extends laterally over the psoas muscles (see 
Fig. 4 [50]). If a significant length of ureter and the renal pelvis 
are involved, hydronephrosis may be minimal even when 


ar 





Fig. 3.—Compression of inferior vena cava by retroperitoneal fibrosis. 
Inferior venacavogram shows smooth, tapered narrowing of inferior vena 
cava at level of L3-L4 (area of plaque). 


A 


Fig. 4. Common presentation of idiopathic retroperitoneal fibrosis. 
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significant obstruction is present [42]. As previously noted, 
RPF also can spread inferiorly and involve the rectosigmoid, 
bladder, and other pelvic organs. 

The appearance of the plaque on CT varies considerably: 
It can be midline or asymmetric, well circumscribed or poorly 
defined, and localized or extensive [53]. Rarely, the fibrotic 
process is seen on CT as only minimal soft-tissue stranding 
around the great vessels and ureters (Fig. 6). Thin sections 
may make it easier to visualize this tissue. The attenuation of 
the well-developed plaque is usually equivalent to that of the 
adjacent muscles [28]. After the administration of IV contrast 
material, the plaque enhances to various degrees, depending 
on the stage of development of the fibrous process; in other 
words, the immature plaque has greater vascularity and 
enhances to a greater degree [54]. Perianeurysmal fibrosis 
has a similar tendency to enhance and may be seen as a rind 
of tissue surrounding the dilated aorta (Fig. 7), or it may have 
a morphologic pattern similar to RPF with the exception that 
the encased aorta is aneurysmally dilated [55]. These similar- 
ities again support the unifying concept of a periaortitis as the 
common cause of RPF and perianeurysmal fibrosis. 

CT generally cannot be used to differentiate among the 
various causes of RPF [56]. The major differential diagnosis 
is between the idiopathic variety of the disease and fibrosis 
associated with metastatic implants in the retroperitoneal 
tissue. Biopsy usually is required to establish the final diag- 
nosis. However, it must be emphasized that in malignant 
RPF, the metastatic cells usually are dispersed so diffusely in 
the fibrotic plaque that multiple deep surgical biopsies are 
necessary to establish the diagnosis; CT-guided fine-needle 
aspiration or core biopsies, because of the small amount of 
tissue sampled, are considered far less effective [11, 56]. 

Occasionally, malignant adenopathy in the retroperitoneal 
area can become confluent, surround the great vessels, and 
resemble RPF [57]. This is especially true with lymphoma, 





A, Retrograde pyelogram shows extrinsic tapering of right ureter (arrows) at level of sacral promontory and mild proximal hydronephrosis. 

B, Sonogram shows a hypoechoic, reasonably well-defined plaque in presacral area (arrows). S = sacrum. 

C, CT scan at level of ureteral stricture after placement of right ureteral stent shows right ureter (arrow) entrapped in anterolateral margin of plaque. 
Common iliac arteries (defined by atherosclerotic calcification) are not elevated from sacrum. 


(Reprinted with permission from Amis and Newhouse [50].) 
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Fig. 5.—Extensive idiopathic retroperitoneal fibrosis surrounding right kidney. 


A, CT scan shows retroperitoneal mass extending into right perirenal space and completely surrounding kidney. 
B, T1-weighted transverse MR image shows tissue surrounding great vessels as well as right kidney. Tissue has a low signal intensity. 
C, T2-weighted transverse MR image also shows tissue has low signal. Biopsy proved this was benign fibrosis. 


(Courtesy of P. J. Kenney and J. Burns, Birmingham, AL.) 





Fig. 6.—Idiopathic retroperitoneal fibrosis 
with minimal plaque seen on CT. 

A, Retrograde study of right ureter shows tight 
extrinsic narrowing at level of L4 (arrows). 

B, CT scan through area of ureteral narrowing 
shows only minimal soft-tissue strands around 
great vessels. No well-defined plaque is present. 
Lesion was surgically proved to be retroperito- 
neal fibrosis at time of ureterolysis. 


Fig. 7.—Perianeurysmal fibrosis. 

A, Unenhanced CT scan shows small aneu- 
rysm of aorta with mural thrombus and thick 
periaortic rind. 

B, CT scan after administration of IV contrast 
material shows enhancement of periaortic tis- 
sue. Although this tissue is beginning to involve 
inferior vena Cava, it is far from ureters. However, 
more extensive fibrosis around aortic or aorto- 
iliac aneurysms can extend laterally enough to 
entrap ureters. 
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and attenuation differences are not significant enough to help 
in the differential diagnosis [58]. These metastatic deposits 
also can take the form of solitary masses or infiltrating mantles 
of tissue that obliterate adjacent tissue planes [56]. Generally 
speaking, however, true metastatic disease to the retroperi- 
toneum appears most commonly as lobular paraaortic and 
paracaval masses that are unmistakably enlarged nodes. 
Further, lymphoma and other malignant lymphadenopathies 
often elevate the aorta from the spine (Fig. 8), unlike benign 
RPF, which surrounds the aorta but usually does not cause 
significant anterior displacement [59]. However, this general- 
ization does not always hold true; two cases have been 
reported recently of proved idiopathic RPF in which displace- 
ment of the aorta from the spine was caused by the presence 
of fibrous tissue posterior to the aorta [60]. 

Other entities in the differential diagnosis of RPF include 
amyloidosis, which can cause extensive retroperitoneal in- 
volvement [61], and retroperitoneal hematomas, though in 
the latter, particularly in acute collections, the attenuation 
value is usually higher than that found in RPF. If the fibrotic 
process has a tumefactive appearance, a primary mesenchy- 
mal retroperitoneal tumor also must be included in the differ- 
ential diagnosis. When RPF is found in other than its typical 
retroperitoneal location, the differential diagnosis is expanded 
significantly. For example, fibrosis may occur in the pelvis in 
females and simulate cervical carcinoma [62]; may obliterate 
the peripancreatic fat planes and resemble pancreatic carci- 
noma [63]; and, when it occurs in the root of the mesentery, 
may be mistaken for an intraperitoneal tumor [64] (Fig. 9). 
Rarely, cystic areas occur, complicating even further the 
attempt to arrive at the correct diagnosis [65]. 

Like CT, MR easily can show the morphology of the fibrous 
plaque in RPF. The relationship of the mass to the great 
vessels can be determined by flow voids within these vascular 
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Structures. Further, the multiplanar imaging capability of MR 
is useful in defining all dimensions of the plaque. 

On T1-weighted images, the plaque, whether benign or 
malignant, typically has low to medium signal intensity. A high 
signal intensity of the plaque on T2-weighted images may 
indicate malignant RPF [66, 67]. Another T2 imaging charac- 
teristic thought to be suggestive of malignant RPF is inho- 
mogeneity of the plaque [67]. By contrast, the mature plaque 
typical of advanced benign RPF has a low signal intensity on 
T2- as well as on T1-weighted images (see Fig. 5). However, 
it has been recognized recently that benign RPF also can 
have a high signal intensity on T2-weighted images [30, 68] 
(Fig. 10). As discussed in the section on pathology, early 
idiopathic RPF is associated with inflammatory edema of the 
fibrous plaque; this is also true with most cases of malignant 
RPF. Therefore, it is not unreasonable to assume that the 
plaque in either benign or malignant RPF can have a high 
signal intensity on T2-weighted images because of its high 
free water content and hypercellularity [30]. A plaque showing 
low signal on both T1- and T2-weighted images is most likely 
benign RPF, because it would be unusual for the malignant 
variety to mature so completely. However, it is now clear that 
a high signal on T2-weighted images cannot be used to 
differentiate malignant from benign RPF, but rather reflects 
only the presence of inflammatory edema in the plaque. 

It is not yet clear whether MR imaging can be used to 
distinguish between RPF and lymphoma. However, a recent 
report [69] suggests that the T1 values in RPF are lower than 
in lymphoma, at least at low field strengths. 


Treatment 


When RPF is caused by treatment with methysergide, 
cessation of drug therapy usually results in regression of the 





Fig. 8.—Metastatic neoplasm in retroperito- 
neum. CT scan in patient with prostatic carcinoma 
shows a thick plaque of tissue surrounding great 
vessels. Note that calcified aorta is elevated from 
vertebral body (arrow). 


Fig. 9.—Unusual morphology of idiopathic retroperitoneal fibrosis. 

A, Antegrade pyelogram shows extrinsic obstruction of right proximal ureter (black arrow). Minimal 
degree of dilatation of collecting system should not be taken to mean minimal obstruction, as 
collecting system is decompressing itself by pyelointerstitial extravasation of contrast material into 
subcapsular space (white arrows). 


B, CT scan at level of ureteral obstruction shows a soft-tissue mass in root of mesentery. This 
was proved surgically to be an idiopathic fibrotic process with enough posterior extension to entrap 
right ureter. Great vessels are uninvolved. 





Fig. 10.—Idiopathic retroperitoneal fibrosis in early stages of plaque formation. 

A, Transverse T1-weighted MR image shows medium-signal-intensity plaque (arrows) surrounding 
great vessels. 

B, Transverse T2-weighted MR image at same level as A shows plaque (arrows) is inhomogeneous 
and of high signal intensity, characteristics that previously were thought to indicate malignancy. These 
changes now are understood to reflect edema in plaque. 

(Courtesy of J. H. Newhouse, New York, NY.) 


plaque and resolution of any ureteral obstruction the plaque 
may have caused [13]. Rarely, other nonmalignant forms of 
RPF resolve spontaneously without treatment [70]. 

Treatment of malignant RPF usually is related to the on- 
cologic treatment of the primary tumor; the outcome for such 
patients is uniformly poor [3]. For idiopathic RPF, treatment 
is most commonly ureterolysis (freeing of the ureters from the 
encasing plaque), with or without concomitant corticosteroid 
therapy [71]. Aneurysmectomy usually is used in conjunction 
with ureterolysis for treatment of perianeurysmal fibrosis. 

Most urologists are reluctant to use corticosteroids alone 
as the primary treatment for RPF because of the risk of 
mismanaging a potentially malignant process [72]. However, 
use of corticosteroids alone in patients with early idiopathic 
disease typically results in relief of ureteral obstruction within 
7-10 days after the onset of therapy [72]. When RPF is 
resistant to corticosteroid therapy, or when ureteral obstruc- 
tion recurs after withdrawal of corticosteroids, azathioprine is 
effective as an adjunctive medical treatment [73]. 

The use of indwelling ureteral stents is a useful alternative 
therapy for patients who have malignant RPF or who have 
benign disease and are poor surgical risks. Alternatively, 
percutaneous nephrostomy can be used to relieve renal ob- 
struction. According to one report [74], percutaneous balloon 
dilatation of a midureteral obstruction associated with idi- 
opathic RPF resulted in long-term relief of the occlusion. 
Generally, however, ureterolysis remains the mainstay in 
treatment of this disease. The ureter is dissected free from 
the plaque, and in order to prevent it from being caught again 
by the fibrotic process, it is displaced either laterally or intra- 
peritoneally. An alternative procedure is to wrap the ureter 
with omentum to provide an effective barrier against reen- 
trapment by the fibrosis [75]. Postoperative CT in cases in 
which an omental wrap has been used shows a low-atten- 
uation halo surrounding the opacified ureter [75]. 

Patients who have had ureterolysis commonly have a lateral 
bowing of the midportion of the ureter(s) [50] (Fig. 11). Long- 





Fig. 11.—Bilateral ureterolysis (radiograph 
obtained immediately after surgery). Bilateral 
ureteral stents are in place; lateral bowing of 
midportion of ureters is typical of ureterolysis 
with intraperitonealization of ureters to remove 
them from region of plaque. 


term follow-up with CT usually shows a progressive decrease 
in the size of the plaque, especially in patients treated with 
corticosteroids. However, the majority of patients will have a 
small residual mass that can persist for months to years [70]. 

In patients with idiopathic RPF, if the kidneys have not 
been badly compromised, and if ureterolysis has been per- 
formed adequately, the prognosis is generally excellent, with 
long-term success rates exceeding 90% [16]. 
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Book Review 





CT and MRI of the Genitourinary Tract. Edited by Stanford M. Goldman and Olga M. B. Gatewood. (Vol. 13 in 
Contemporary Issues in Computed Tomography.) New York: Churchill Livingstone, 323 pp., 1990. $79.95 


This is the 13th volume in a series called Contemporary Issues in 
Computed Tomography. The previous volume dealing with the urinary 
tract was volume 3, which Goldman and Gatewood also edited, and 
which was published in 1984. The current book brings us up-to-date 
on developments that occurred during the 6-year interval. The editors 
are to be congratulated. The contributors are superb, many of them 
internationally recognized experts in their fields, and even in the 
chapters with more than one author, at least one of the authors is of 
that stature. I have heard many of the authors represented here 
present this material before, at scientific meetings or postgraduate 
courses, but in every case, the information is still fresh and relevant, 
and each chapter contains many new pearls of wisdom. 

In addition, the book is beautifully written. It reads like a novel; 
every sentence is packed with information. | can recall only one other 
medical book in my life that | read cover to cover in one sitting; this 
is the second. It is a beautiful book also, containing information found 
nowhere else. Though the number of illustrations has been kept 
relatively low, in order to keep the book small, each illustration 
functions beautifully, and all the chapters are well referenced. 

In general, then, the volume is outstanding. This is not to say that 
it is without error. A number of the authors seem to have confused 
incidence and prevalence; others, in describing the performance 
characteristics most desirable for an examination in a given situation, 
could have benefited from the aid of a statistician or, better yet, a 
decision analyst. 

Most chapters discuss technique, relevant anatomy, and clinical 
aspects, as well as imaging findings. Some chapters, however, 
written by Clinicians, are entirely clinical. Chapter 1, by Richard Leder 
and Reed Dunnick, contains a superb description of CT and MR of 
the adrenal gland. Chapter 2, by Bernard Birnbaum and Morton 
Bosniak, is an outstanding and authoritative discussion of all the 
facets of CT and MR of renal cell carcinoma, and it reflects the 
authors’ considerable experience with small renal cell carcinomas 
treated by partial nephrectomy. It also has a good discussion of 
hyperdense renal cysts and how to manage them. Chapter 3, by 
Byrn Williamson, is on benign renal neoplasms and contains a good 
discussion of oncocytomas. The discussion generally is balanced, 
particularly as regards the problem of metastases. The chapter also 
has a good discussion of adenomas. 

The first author of chapter 4 is Goldman. This chapter is a classical 
discussion of inflammatory disease of the kidney. It reflects the view 
that Goldman has held for a number of years and is thought provok- 
ing, stimulating, and controversial. | agree with most of what is said. 
The chapter includes a good discussion of the merits of CT and 
sonography, a beautiful classification system, and a great many 
logical and precise statements. It also emphasizes when not to do 
Studies, which is as important as knowing when to do them. Chapter 
5, on metastatic disease to the urinary tract, is by John Volpe and 


Peter Choyke, and provides as interesting and informative a discus- 
sion of the pathogenesis of metastatic disease as | have seen. The 
authors emphasize that it is not necessary to do biopsies of kidney 
lesions that have the typical appearance of metastatic disease. Chap- 
ter 6, by Philip Kenney, is on obstruction of the upper urinary tract 
and contains a good description of the limited use of CT and the 
currently undefined use of MR. 

Chapter 7, by Ray Stutzman, is on the clinical aspects of cancer 
of the prostate and is excellent. Chapter 8, by Andrew Yang and 
Shirley Yang, is on MR and CT of the prostate. Here | found myself 
in occasional disagreement. The authors state, for example, that 
preoperative CT for detection of enlarged lymph nodes in patients 
with cancer of the prostate is still the standard of care; this is certainly 
not true at Stanford or at the Palo Alto Veterans Affairs Medical 
Center, nor do we use routine preoperative MR for staging. The 
authors mention, but could not give in advance, the results of the 
cooperative study, which were about to be published in the New 
England Journal of Medicine, on MR staging. My own analyses of 
the results, which were published recently, however, do not support 
their enthusiasm. 

Chapter 9, by Charles Brendler, is an excellent analysis of the 
epidemiology, biological behavior, histology, staging, grading, diag- 
nosis, and treatment of cancer of the bladder. Brendler states, 
however, that IV pyelography is essential for evaluating bladder 
cancer, as it will detect 75% of bladder tumors more than 1 cm in 
diameter. In my opinion, however, a sensitivity of 75% is too low; any 
patient with hematuria, even if the excretory urogram is normal, 
needs to have cystoscopy. 

Chapter 10, by Mario Amendola and Howard Pollack, is an out- 
standing overview of various bladder lesions in which CT and MR 
can be helpful. In the next chapter, Steven Brick et al. discuss the 
relatively rare urachal carcinoma; the discussion is excellent. Robert 
Mattrey then provides a superb discussion of MR of the testes, 
seminal vesicles, and urethra and predicts that MR will be the 
examination of choice for scrotal disease. This chapter contains an 
interesting description of undescended testis; Mattrey provides data 
suggesting that if MR is performed, surgical procedures may not be 
necessary in about 40% of patients (i.e., those with testicular atro- 
phy). If this is true, it is indeed a reason for using MR. The final 
chapter, on the transplanted kidney, is by Judith Chezmar et al. This 
is followed by six case studies. 

| have no doubt of this volume’s value and importance. It is one 
that every radiologist should possess and not hesitate to refer to 
frequently. 


Gerald W. Friedland 
Department of Veterans Affairs Medical Center 
Palo Alto, CA 94304 
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Color Doppler Sonography in the 
Evaluation of Erectile Dysfunction: 
Patterns of Temporal Response to 
Papaverine 





Most studies of duplex Doppler sonography for the assessment of erectile dysfunction 
invoive determination of peak systolic velocities 5 min after intracavernosal injection of 
papaverine. The purpose of this study was to determine the effect of the timing of 
Doppler measurements of flow after papaverine injection for establishing the presence 
of arterial and venous abnormalities. Color Doppler sonography was perfermed in 75 
patients for evaluation of vasculogenic impotence. After intracavernosal injection of 60 
mg of papaverine, measurements of peak systolic and end-diastolic velocities were 
obtained in each cavernosal artery at 5-min intervals for a total of 30 min. A peak systolic 
velocity of less than 25 cm/sec was used as the threshold for arterial insufficiency. An 
end-diastolic velocity of greater than 5 cm/sec was used to predict venous incompe- 
tence. Scanning was performed for direct assessment of dorsal venous flow. Thirty 
patients were subsequently evaluated by cavernosometry and cavernosography. In 
most patients (76%), maximum response to papaverine was achieved within the first 5 
min. In eight patients, significant increases in systolic velocity were seen only after 5 
min. In 10 patients, significant changes in end-diastolic velocity between 5 and 30 min 
resulted in diagnostic reclassification. Data acquisition for 30 min significantiy improved 
the sensitivity (95%) and specificity (83%) for the prediction of venous incompetence in 
patients with correlative cavernosography. Transient, early dorsal vein flow was noted 
in normal subjects. Persistent dorsal vein flow had an 80% sensitivity and 100% 
specificity for venous incompetence. 

Our results suggest that, when using color Doppler sonography, gathering data for 30 
min may improve the prediction of vasculogenic impotence. 


AJR 157:331-336, August 1991 


Duplex Doppler and color Doppler sonography have been shown to be useful in 
the evaluation of patients with erectile dysfunction. Specific diagnostic criteria have 
been reported for the assessment of arterial insufficiency [1-5] and venous incom- 
petence [4, 5]. A study in normal volunteers has demonstrated that papaverine- 
induced erection is a complex multiphasic event that can be characterized by color 
Doppler sonography [6]. However, the time course of these events in normal 
subjects and in impotent men has not been well established. Most Doppler studies 
of erectile dysfunction are based on data acquisition from the cavernosal arteries 
within the first 3-5 min after papaverine injection [1-4]. Some authors emphasize 
the need for data acquisition in the first 5 min to avoid inaccuracies [1, 2, 7]. 
Although we believe that scanning should commence immediately after papaverine 
injection, we have noted that dynamic changes may occur in cavernosai artery flow 
and dorsal vein flow for up to 10-30 min after papaverine injection. These temporal 
changes may be useful in the evaluation of patients with erectile dysfunction. 

The purpose of this study was to evaluate the temporal response to intracorpo- 
real papaverine in men with suspected vasculogenic impotence and to assess the 
impact of the temporal response pattern on the diagnostic accuracy of color 
Doppler sonography. 
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Materials and Methods 


Seventy-five men 29-74 years old referred consecutively from the 
urology clinic for the evaluation of suspected vasculogenic impotence 
were examined from November 1988 until January 1990. All exami- 
nations were performed with a 7.5-MHz transducer with a standoff 
wedge (QAD-1E, Quantum Medical Systems, Issaquah, WA). The 
transducer was placed over the dorsum of the penis with initial 
scanning performed in longitudinal and transverse planes before 
papaverine injection. A divided dose of 60 mg of papaverine hydro- 
chloride was injected with a 25-gauge needie, with 30 mg injected 
into each corpus cavernosum near the penile base. Scanning was 
resumed approximately 2 min after papaverine injection, and each of 
the corpora was evaluated within each 5-min interval for a total of 30 
min. Real-time color flow segments and angle-corrected spectral 
traces were recorded on digital videotape for review. Peak systolic 
and end-diastolic velocities were determined for both cavernosal 
arteries within each 5-min interval. All velocity measurements were 
obtained at the proximal penile shaft near the base. Doppler angles 
ranged from 45° to 65°. These velocities were recorded separately 
without averaging. Variations in flow velocity between the left and 
right cavernosal arteries of greater than 10 cm/sec were noted. The 
greater peak systolic velocity was used for classification. Velocities 
were corrected retrospectively from review of the digital videotape. 

scanning was routinely performed dorsally. In patients progressing 
to more complete erection, ventral scanning was occasionally nec- 
essary. Scanning of the midline dorsum of the penis was also per- 
formed during most of the 5-min intervals. Dorsal vein flow was 
sought by visual inspection and confirmed by spectral analysis. Care 
was taken to avoid compression of the relatively superficial dorsal 
veins during scanning. 

Visual inspection of papaverine response and penile tumescence 
was recorded. After completion of the examination, patients were 
released after brief observation with instructions regarding possible 
complications, One patient returned with priapism requiring de- 
compression. No other complications were observed. 

Diagnostic criteria for determination of arterial and venous insuffi- 
ciency were based on the published literature. A peak systolic velocity 
greater than 25 cm/sec was considered the threshoid for a normal 
arterial supply [1, 4]. An end-diastolic velocity of 5 cm/sec or higher 
was used as an indicator of venous incompetence [4]. The presence 
of persistent dorsal vein flow was also used as an indicator of venous 
incompetence [2]. Dorsal vein flow that was detected beyond the 
initial 5 min and for at least 10 min was defined as persistent. For the 
purpose of this study, a delayed response was defined as any 5-cm/ 
sec change in either peak systolic or end-diastolic velocity that 
occurred after the initial 5-min interval within the same cavernosal 
artery. The only exception to this definition was a decline in cavernosal 
artery velocities associated with loss of papaverine response and 
return to the flaccid state. 

Patients were grouped by patterns of temporal response to pa- 
paverine injection as follows: no change in either peak systolic velocity 
or end-diastolic velocity occurring beyond 5 min or steady decline 
(group 1); delayed increase in peak systolic velocity to more than 25 
cm/sec, stable end-diastolic velocity (group 2); stable or delayed 
increase in peak systolic velocity to greater than 25 cm/sec and 
delayed decrease in end-diastolic velocity (group 3); delayed increase 
in peak systolic velocity to greater than 25 cm/sec and delayed 
increase in the end-diastolic velocity to 5 cm/sec or higher (group 4); 
and stable or declining peak systolic velocity and delayed increase in 
end-diastolic velocity to 5 cm/sec or higher (group 5). 

Correlative cavernosometry and cavernosography were subse- 
quently performed in 30 patients. These studies were performed and 
interpreted according to techniques previously described [8, 9]. Cav- 
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ernosometric criteria for venous incompetence inciude at least three 
of the following: a saline infusion rate of greater than 120 ml/min, 
maintenance infusion rate of greater than 60 ml/min, intracavernosal 
pressures less than 100 mm Hg, intracavernosal pressure drop of 
greater than 2 mm Hg/sec after termination of saline infusion, and 
contrast leakage into the venous system. 


Results 
Temporal Response by Group 


Overall, 57 (76%) of our 75 patients had no significant 
change in either peak systolic or end-diastolic velocity beyond 
the first 5-min interval (group 1, Fig. 1). Of these patients, 
four met our criteria for normal arterial and venous integrity. 
Thirty-three men had peak systolic velocities less than 25 cm/ 
sec and were thought to have arterial insufficiency. The 
remaining 20 had systolic velocities greater than 25 cm/sec 
but also had persistently elevated diastolic velocities consist- 
ent with venous incompetence. 

Eight men (11%) had a significant rise in systolic velocity 
after the initial 5 min (group 2) that resulted in a change in 
their diagnostic classification (Fig. 2). Diastolic flow was stable 
in these patients. Two of the eight had normal diastolic 
velocities, whereas the other six had elevated diastolic flow. 

Seven patients (9%) had significant changes in systolic 
and/or diastolic velocities (group 3) beyond 5 min and were 
reclassified as normal. Five of the seven in group 3 had a 
delayed rise in systolic velocity above 25 cm/sec that was 
associated with a dramatic drop in diastolic flow (Fig. 3). The 
other two patients had stable systolic velocities but also 
manifested diastolic flow loss and reversal. 

Three patients (4%) had a delayed rise in systolic and 
diastolic velocities (group 4) that resulted in their reclassifi- 
cation as having venous incompetency (Fig. 4). None of the 
patients in our series had a significant rise in diastolic velocity 
with stable systolic velocities (group 5). 


Peak Systolic Velocity 


Although maximum peak systolic velocity was reached 
within the first 5 min in most of the 75 patients, 18 patients 
(groups 2~4) achieved maximum systolic velocity in the 6- to 
25-min time range. Thirteen of these 18 patients had velocities 
exceeding 25 cm/sec only after 5 min. The range of systolic 
velocities was 6-72 cm/sec, and the mean time to maximum 
peak systolic velocity was 4.8 min. The temporal distribution 
of peak systolic velocities is shown in Figure 5. 

Forty-two patients had a peak systolic velocity greater than 
25 cm/sec. The remaining 33 did not exceed the threshold of 
25 cm/sec. No significant variation in either systolic or diastolic 
velocity was noted in the latter group of patients. Thus, all of 
the patients meeting our criteria for arterial insufficiency were 
in group 1. Significant asymmetry of systolic velocities be- 
tween the left and right cavernosal arteries was found in five 
of these patients; however, no temporal variation was seen 
in this group (group 1). 
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Fig. 1.—Group 1: maximum response within first 5 min. 


A, Longitudinal color Doppler sonogram shows dorsal artery and cavernosal artery with angle-corrected cursor placement. 
B, Spectral waveform 5 min after papaverine injection shows peak systolic velocity greater than 25 cm/sec and end-diastolic reversal. 
C, Spectral waveform 10 min after papaverine injection, during rigid erection, shows slight decrease in peak systolic velocity. No further changes were 


seen at 15 min. 


A 





Fig. 2.—Group 2: delayed peak systolic velocity achieved after more than 5 min. 
A, Spectral trace 4 min after papaverine injection shows peak systolic velocity less than 20 cm/sec with continuous diastolic flow; end-diastolic velocity 


is less than 5 cm/sec. 


B, Spectral trace 10 min after papaverine injection shows peak systolic velocity now greater than 30 cm/sec and end-diastolic velocity equal to zero. 
C, Spectral trace 15 min after papaverine injection shows peak systolic velocity stable at 30 cm/sec with end-diastolic flow reversal. Full erection is 


now present clinically. 


Diastolic Flow 


Diastolic flow in the cavernosal artery manifested a wide 
range of velocities, with end-diastolic velocities ranging from 
—7 to 31 cm/sec. In 10 (13%) of our 75 patients, significant 
changes in diastolic flow were seen after the initial 5 min. All 
seven of the patients in group 3 had a significant decline in 
diastolic velocity from greater than 5 cm/sec initially to dia- 
stolic flow loss or reversal. The three patients in group 4 had 
a delayed rise in end-diastolic velocity that exceeded the 
threshold of 5 cm/sec only after 5 min. 


Dorsal Vein Flow 


Overall, dorsal vein flow was identified in 44 (59%) of our 
75 patients during some segment of the examination. Early, 
transient dorsal vein flow that was no longer seen during later 
intervals was seen in 12 patients. In none of these patients 
were diastolic velocities suggestive of venous leak. Interest- 
ingly, four of the patients were found to have retrograde 
dorsal vein flow during subsequent rigid tumescence. Rever- 
sal of dorsal vein flow was not identified in any other patients. 

Persistent dorsal vein flow was identified throughout the 
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Fig. 3.—Group 3: delayed decline in end-dia- 
stolic velocity and diastolic flow after 5 min. This 
example shows potential for false-positive pre- 
diction of venous incompetence if early data only 
are acquired. 

A, Spectral trace 4 min after papaverine injec- 
tion shows normal peak systolic velocity and 
elevated end-diastolic velocity (15-20 cm/sec). 

B, Spectral trace 10 min after papaverine in- 
jection shows waveform progression with de- 
creasing diastolic flow; end-diastolic velocity 
now is less than threshold of 5 cm/sec. 

C, Spectral trace 22 min after papaverine in- 
jection now shows diastolic flow reversal during 
full erection. 

P j SA f i , D, Spot fiim from pharmacocavernosogram 
A n A aa R an Da A ai oak shows no evidence of venous leak. Cavernoso- 
metry was also normal. 





A B 


Fig. 4.—Group 4: delayed increase in peak systolic velocity accompanied by delayed increase in end-diastolic velocity. Representative example of 
potential false-negative diagnosis of venous incompetence if data acquisition is terminated before 10 min. 
A, Spectral trace 4 min after papaverine injection shows peak systolic velocity less than 20 cm/sec and end-diastolic velocity 3-4 cm/sec. 


B, Spectral trace 13 min after papaverine injection shows peak systolic velocity greater than 35 cm/sec and elevated end-diastolic velocity (12-14 cm/ 
sec). These velocities were stable at 20 and 25 min. 


C, Spot film from pharmacocavernosogram shows contrast leak into periprostatic plexus. 
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Fig. 5.——Temporal distribution of peak systolic velocity (PSV). White 
bars indicate percentage of patients who achieved maximum peak systolic 
velocity during various time intervals. Black bars indicate only those pa- 
tients who achieved a systolic velocity of greater than 25 cm/sec. 


study in 32 patients. All of these patients had elevated end- 
diastolic velocities consistent with venous incompetence. 


Cavernosometry and Cavernosography 


Thirty patients had correlative cavernosal studies. Six pa- 
tients had normal pressure and contrast-enhanced studies. 
Two of these six were from group 1 and four were from group 
3. The remaining 24 patients had abnormal pressure and 
abnormal contrast-enhanced studies consistent with venous 
incompetence. Of these patients, 17 were in group 1, five in 
group 2, and two in group 4. 

If the diastolic velocity from only the first 5-min interval after 
papaverine injection was used to predict venous incompe- 
tence, an end-diastolic velocity of 5 cm/sec or higher had an 
87% sensitivity and 50% specificity with an overall 80% 
accuracy. However, if diastolic data from the full 30-min study 
were used, sensitivity increased to 95%, specificity to 83%, 
and accuracy to 93%. This improvement occurred because 
patients in groups 3 and 4 were reclassified as a result of 
delayed changes in diastolic flow velocity. 

The presence of persistent dorsal vein flow had an 80% 
sensitivity and 100% specificity for venous leak when com- 
pared with cavernosal studies. Persistent dorsal vein flow did 
not identify any additional venoincompetent patients who 
were not already identified by elevated diastolic flow velocity 
in the cavernosal artery. 


Discussion 


Papaverine hydrochloride works at the cavernosal level by 
producing smooth muscle relaxation at the level of the arte- 
rioles and sinusoids. This results in a loss of resistance to 
arterial inflow. The increased blood flow into the corpora 
cavernosa produces sinusoidal enlargement. Expansion of 
the sinusoids compresses the lacunar and emissary veins 
against the relatively rigid tunica albuginea and results in loss 
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of venous egress from the corpora cavernosa producing 
erection [10-12]. The effectiveness of papaverine can be 
influenced by facilitating agents such as phentolamine and 
may be modified by the psychological state of the patient. In 
particular, anxiety may result in a diminished response to 
papaverine injection [13]. 

intracavernosal injection of papaverine has been used clin- 
ically as a diagnostic and therapeutic technique in impotent 
men. It is interesting to note the timing of the tumescent 
response. Virag et al. [14] reported on the use of intracaver- 
nosal papaverine injection in 45 men. In 16 patients, including 
10 patients with psychogenic impotence and six normally 
potent volunteers, the time to maximum response was 8-12 
min. This was in contrast to a group of 29 patients with 
organic causes of impotence, in which the time to maximum 
response ranged from 10 to 20 min. Other authors have 
suggested that the normal response to intracavernosal pa- 
paverine injection may include a latency of 5-20 min [15]. 
This experience suggests that the Doppler evaluation of 
papaverine response may require extended observation 
times. 

The use of intracavernosal papaverine injection and Doppler 
sonography for the investigation of erectile dysfunction was 
pioneered by Lue et al. [1]. In their initial article, measurements 
of peak systolic velocity were obtained 1, 3, and 5 min after 
papaverine injection. This decision was based on their expe- 
rience with animal models in which there was a loss of systolic 
velocity during the rigid phase of erection. Subsequent work 
on the evaluation of arterial insufficiency has routinely used 
the acquisition of peak systolic velocities within the first 3-5 
min after papaverine injection [2-4]. These studies report a 
high sensitivity (95-100°%) for the use of peak systolic velocity 
measurements when compared with angiography for the 
documentation of arterial abnormalities. In addition, it has 
been suggested that delayed measurements will result in a 
decrease in diagnostic accuracy [2-4]. 

Our results in the extended evaluation of papaverine re- 
sponse in patients with suspected vasculogenic impotence 
confirm the need for early assessment of papaverine response 
for cavernosal artery flow. The majority of our patients did 
achieve their maximum peak systolic velocity within the first 
2-5 min after papaverine injection. However, 24% of our 
patients subsequently reached their maximum peak systolic 
velocity 10-25 min after papaverine injection. In fact, 13 (81%) 
of 42 with maximum peak systolic velocities greater than 25 
cm/sec went on to exceed the velocity threshold of 25 cm/ 
sec only 6-25 min after papaverine injection. We believe that 
our data not only confirm the need for early initial assessment 
of cavernosal artery flow, but also argue for an extended 
study with repeated sampling of the cavernosal arteries for 
20-30 min or until there is a plateau or decline in papaverine 
response. 

Although the observation of temporal progression did allow 
for improvement in the theoretical predictive value of peak 
systolic velocity criteria for arterial incompetence, a much 
greater effect was observed in the accuracy of color Doppler 
sonography for the diagnosis of venous incompetence. After 
the injection of papaverine in many patients, the marked 
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increase in arterial inflow results in a concomitant initial in- 
crease in diastolic flow, end-diastolic flow velocity, and dorsal 
venous flow. In patients with an intact venocclusive mecha- 
nism, diastolic flow reversal may ensue. However, these 
events may require 10-25 min. The use of diastolic velocities 
and dorsal vein flow from the initial 5-10 min of examination 
may yield an elevated false-positive rate. We believe this is 
supported by the comparison between the report of Quam et 
al. [4] and our series. When we evaluated our patients for 
end-diastolic velocities at 5 min, we found correlation with 
cavernosography to yield results similar to their published 
report. However, including diastolic velocities from the entire 
30 min in our patients produced a significant increase in 
specificity by accurately characterizing those patients (group 
3) with a delayed response and subsequent demonstration of 
an intact venous mechanism. The Mayo Clinic group has also 
made this observation, and they have subsequently revised 
their study protocol to include data acquisition at 5-20 min 
(King B, personal communication). 

Delayed scanning also identified several patients who went 
on to exceed the diastolic threshold of 5 cm/sec at times 
beyond 5 min (group 4). These cases represented potential 
false-negative diagnoses for venous incompetence. Two of 
these three patients subsequently underwent cavernosogra- 
phy and were confirmed to have venous leakage. In these 
three patients, the rise in end-diastolic velocity was accom- 
panied by a delayed rise in peak systolic velocity. In no 
patients in our study was a rise in end-diastolic velocity 
demonstrated without a concomitant rise in peak systolic 
velocity. This observation supports the decision to terminate 
scanning and data acquisition when peak systolic velocity 
remains stable at 20-30 min or begins to decline. 

Experience with dorsal vein flow as a diagnostic indicator 
of venous incompetence is limited. Benson and Vickers [2] 
detected dorsal vein flow in four of 11 patients proved to 
have venous leak at cavernosography. They did not report 
the detection of dorsal vein flow in any patients with an intact 
venous mechanism. in our experience with color flow imaging, 
dorsal vein flow is readily detected if care is used to avoid 
compression of the dorsal veins with the transducer. Dorsal 
vein flow was identified in 59% of our patients. Early dorsal 
vein flow, which was associated with the continuous diastolic 
flow pattern, was seen in both normal and abnormal cases. 
In patients who progressed to diastolic flow reversal, a loss 
of dorsal vein flow occurred. We further observed an inter- 
esting phenomenon of dorsal vein flow reversal occurring in 
some patients who achieved rigid tumescence. The physio- 
logic and diagnostic significance of this observation is uncer- 
tain. We believe early dorsal vein flow normally precedes the 
occlusion of the emissary veins as sinusoidal engorgement 
progresses, but should disappear as the venoocclusive mech- 
anism is engaged. Persistence of dorsal vein flow had an 80% 
sensitivity and 100% specificity in patients with venous leak 
at cavernosography. 

Although we believe our experience suggests that data 
acquisition should be extended to 30 min after papaverine 
injection, our study does have several limitations. Because 
arterial revascularization procedures are not currently per- 
formed at our institution, we do not routinely perform angiog- 
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raphy and no angiographic correlation was available in this 
series of patients. The delayed response in our patients could 
be related to proximal arterial disease, which is not predicted 
by our systolic velocity threshoid. Some workers [2, 4] have 
suggested a higher systolic velocity threshold might be more 
appropriate. Additionally, it may not be appropriate to use 
these early criteria for delayed scanning. The delayed re- 
sponse that we have observed may have some diagnostic 
significance with respect to vascular, psychogenic, or possibly 
neurogenic mechanisms. Further work in the assessment of 
patients’ response to papaverine may help determine whether 
our patients represent a spectrum of the normal response or 
a subset of patients with dysfunction. 

We believe that color Doppler sonography in association 
with intracavernosal papaverine plays an important role in the 
diagnostic workup of patients with erectile dysfunction. Color 
Doppler sonography is useful in the identification of both 
arterial and venous abnormalities in patients with suspected 
vasculogenic impotence. We suggest that sonographic data 
acquisition should begin immediately after papaverine injec- 
tion, but should continue at regular intervals for 20-30 min 
after papaverine injection. This extended observation may 
improve diagnostic accuracy. 


ACKNOWLEDGMENT 


We thank Marilyn Bell for assistance in manuscript preparation. 


REFERENCES 


1. Lue TF, Hricak HH, Marich KW, Tanagho EA. Vasculogenic impotence 
evaluated by high-resolution ultrasonography and pulsed Doppler spec- 
trum analysis. Radiology 1985;155:777-781 

2. Benson CB, Vickers MA. Sexual impotence caused by vascular disease: 
diagnosis with duplex sonography. AJR 1989;153:1149-1153 

3. Collins JP, Lewandowski BJ. Experience with intracorporeal injection of 
papaverine and duplex ultrasound scanning for assessment of arteriogenic 
impotence. Br J Urol 1987;59: 84-88 

4. Quam JP, King BF, James EM, et al. Duplex and color Doppler sonographic 
evaluation of vaculogenic impotence. AJR 1989;153: 1141-1147 

5. Shabsigh R, Fishman iJ, Quesada ET, Seale-Hawkins CK, Dunn JK. 
Evaluation of vasculogenic erectile impotence using penile duplex ultra- 
sonography. / Urol 1989:142: 1469-1474 

6. Schwartz AN, Wang KY, Mack LA, et al. Evaluation of normal erectile 
function with color flow Doppler sonography. AJR 1989:153: 1155-1160 

7. Paushter DM. Role of duplex sonography in the evaluation of sexual 
impotence. AJA 1989;153:1161-1163 

8. Bookstein JJ, Valji K, Parsons LC, Kessler WO. Penile pharmacocaverno- 
sography and cavernosometry in the evaluation of impotence. J Urol 
1987;137:772~-776 

9. Delcour C, Struyven J. Techniques for performing cavernosometry and 
cavernosography. Cardiovasc Intervent Radio! 1988;11:211-217 

10. Lue TF, Tanagho EA. Physiology of erection and pharmacological man- 
agement of impotence. J Urol 1987,137:829~836 

11. Aboseif SR, Lue TF. Hemodynamics of penile erection. Urol Clin North Am 
1988:15:1-7 

12. Fournier GR, Juenemann KP, Lue TF, Tanagho EA. Mechanisms of venous 
occlusion during canine penile erection: an anatomic demonstration. J Urol 
1987; 137:163-167 

13. Sidi AA. Vasoactive intracavernous pharmacotherapy. Urol Clin North Am 
1988;15:95-101 

14. Virag R, Frydman D, Legman M, Virag H. Intracavernous injection of 
papaverine as a diagnostic and therapeutic method in erectile failure. 
Angiology 1984:35:79-87 

15. Sidi AAS, Cameron JS, Dykstra DD, Reinberg Y, Lange PH. Vasoactive 
intracavernous pharmacotherapy for the treatment of erectile impotence 
in men with spinal cord injury. J Urol 1987;138:539~542 


Patricia L. Abbitt' 
Laurence Watson’ 
Stuart Howards? 


Received September 21, 1990; accepted after 
revision March 25, 1991. 


* Department of Radiology, University of Florida 
College of Medicine, Box J-374, JHMHC, Gaines- 
ville, FL 32610-0374. Address reprint requests to 
P. L. Abbitt. 


? Department of Radiology, University of Virginia 
Health Sciences Center, Charlottesville, VA 22908. 


* Department of Urology, University of Virginia 
Health Sciences Center, Charlottesville, VA 22908. 


036 1~-803X/91/1572-0337 
© American Roentgen Ray Society 





337 


Abnormalities of the Seminal Tract 
Causing Infertility: Diagnosis with 
Endorectal Sonography 





Endorectal sonography, developed primarily for use in the diagnosis and staging of 
prostatic carcinoma, should be the first imaging technique used in the evaluation of ar 
infertile man with low semen volume in whom either a hypoplastic or obstructed seminal 
tract is suspected. Endorectal sonography allows visualization of the seminal vesicles, 
which are otherwise difficult to examine. We used endorectal sonography to evaluate 
six young men, five of whom were being evaluated for azoospermia and infertility. One 
patient had no identifiable seminal vesicle on either side. Four patients had unilateral 
absence of the seminal vesicles. Of these four, three had a sonographically normal- 
appearing seminal vesicle on the contralateral side, and the fourth had an obstructed 
system contralaterally. The sixth patient had a hypoplastic system on the left and an 
obstructed system on the right. 

The delineation of an obstructed or agenetic seminal vesicle and seminal tract on 
endorectal sonography allows decisions to be made regarding treatment and prognosis. 
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The seminal tract is difficult to evaluate clinically, and traditional enhanced studies 
such as vasography are invasive. Although endorectal sonography was developed 
primarily for the diagnosis and staging of prostatic carcinoma, it provides excellent 
visualization of the seminal vesicles [1, 2]. After retrograde ejaculation has been 
excluded as a cause of low ejaculate volume, endorectal sonography should be 
used in the infertile man in whom congenital absence or obstruction of the spermatic 
ductal system (vasa deferentia) and/or the seminal vesicles is suspected. We 
describe patients in whom endorectal sonography identified congenital abnormali- 
ties of the vas deferens or seminal vesicles. 


Materials and Methods 


Five men (24-34 years old) were being evaluated for infertility. A sixth patient, 36 years 
old, was studied after no left-sided vas deferens could be identified at the time of vasectomy. 

All five infertile men had had multiple semen analyses showing very iow volumes with either 
absent or very few sperm. Testicular biopsy, performed in two of the six patients, revealed 
normal spermatogenesis. Luteinizing hormone, follicle-stimulating hormone, and testosterone 
levels were tested and were normal in three patients. Seminal fluid fructose was tested and 
was present in three patients. Retrograde ejaculation was excluded by postejaculatory 
urinalysis in two patients. 

Each of the five patients had physical examination of the genital region. No vas deferens 
could be palpated in one patient. There was some question as to whether or not the vas 
deferens was present in the remaining four patients. The seminal vesicles, which generally 
are not palpable, were not palpable in any of the patients. 

All six patients were studied in the lithotomy position by using a Diasonics Urovue-200 unit 
(Clark Medical Technology, San Diego, CA) with a multiplanar 7.5-MHz transrectal probe. 
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Results 


Figure 1 is a schematic drawing illustrating possible abnor- 
malities of the seminal tract. The normal sonographic anatomy 
is shown in Figure 2. 

One of our six patients had no identifiable seminal vesicle 
on either side. Four patients had unilateral absence of the 
seminal vesicle (Figs. 3 and 4). Of these, three had ipsilateral 
renal agenesis. Of the four patients with an absent seminal 
vesicle on one side, one had an obstructed seminal tract on 
the opposite side. The other three had a sonographically 
normal-appearing system on the opposite side. The sixth 
patient had a diminutive hypoplastic system on one side and 
an obstructed system on the other. Scrotal sonography, 
performed in all patients, demonstrated normal testes bilat- 
erally. 
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Fig. 1.—Schematic illustration shows abnormal lower genital conduit 


system for sperm transport and shared embryogenesis with upper geni- 
tourinary tract that may result in agenesis in both areas. 
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In four of the patients, no surgical remedy could be devised 
from the information obtained with endorectal sonography. 
One patient underwent surgical exploration, and the findings 
identified on endorectal sonography were confirmed. The 
sixth patient, the patient with no identifiable left-sided vas 
deferens at vasectomy, was confirmed by sonography to 
have unilateral absence of the seminal vesicle and vas 
deferens. 


Discussion 


Although congenital genitourinary malformations affect ap- 
proximately 10-14% of the overall male population [3], con- 
genital abnormalities of the seminal vesicles or lower genital 
ductal system may often be unsuspected until a boy reaches 
reproductive age. Men who have congenital abnormalities of 
the lower genitourinary tract are often asymptomatic. They 
may present in the reproductive years with vague symptoms 
of perineal discomfort, or may have palpable masses on rectal 
examination. Infertility is rarely the presenting problem. De- 
layed recognition of congenital lower genitourinary abnormal- 
ities may occur because of the relatively nonspecific symp- 
toms and the difficulty and nonspecificity of the clinical ex- 
amination of the seminal vesicles and vas deferens. Normal 
seminal vesicles are usually easily seen on endorectal sonog- 
raphy (Fig. 2). They can be evaluated for their presence, 
symmetry, and evidence of obstruction. 

In infertile men with low semen volumes in whom retrograde 
ejaculation has been excluded, endorectal sonography may 
Clarify anatomic abnormalities responsible for infertility. En- 
dorectal sonography is easily performed and should be the 
initial imaging technique used if seminal vesicle disease is 
considered [2]. CT and MR imaging should be reserved for 
situations that require a larger field of view in the pelvis and 
lower abdomen, as may be true with more complex malfor- 
mations [3-5]. 

The information provided by endorectal sonography can be 
used to determine if surgery is feasible and can determine the 
prognosis in patients with hypoplastic or agenetic ductal 
systems. 


Fig. 2.—Normal patient. 

A, Axial sonogram shows symmetry of seminal 
vesicles (arrows). 

B, Longitudinal sonogram shows normal rela- 
tionship of seminal vesicle (arrow) to prostate. 
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Fig. 3.—Sonogram of a 26-year-old infertile 
man shows cystic-appearing seminal vesicle (ar- 
rowhead) on right side. No seminal vesicle or 
kidney was identified on the left. 








A B 


Fig. 4.—A and B, Sonograms of a 24-year-old infertile man show no seminal vesicle (arrowhead) 
on right side (A) and a short, cystic one (arrows) on left side (B). 
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Book Review 





MRI of the Wrist and Hand. By Murray A. Reicher and Leland E. Kellerhouse. New York: Raven, 203 pp., 1990. 
$89 


The applications of MR imaging with respect to the musculoskeletal 
system are increasing rapidly. One virtually untouched area is the 
wrist and hand. With improved technology, the small structures in 
the wrist and hand reliably can be discriminated from one another. 
However, no authoritative text has been published on the MR findings 
of normal and abnormal processes involving the hand and wrist. It is 
apparent from the wide array of cases presented that the authors 
have the experience necessary to write the first significant book on 
this subject. The authors state in the introduction that some readers 
will think this book is premature because most of the discussion is 
based on anecdotal experience (albeit extensive, with more than 
1000 cases) and not scientific data. | would agree with this argument 
if the book simply showed a series of interesting cases. However, 
that is not the case. 

What is presented is an excellent discussion of the normal anatomy 
and biomechanics of the wrist, of imaging techniques and protocols, 
and, most importantly, of the myriad of disease processes (many of 
which are poorly understood even by subspecialty radiologists) that 
affect this region. Detailed correlation of the pathophysiologic and 
MR findings of the various disease processes is the backbone of this 
book and provides the basis for the novice to venture into this 
challenging area of imaging. 

The chapters that follow include discussion of carpal tunnel dis- 
ease, flexor and extensor tendon disorders, carpal instability, and 
distal radioulnar joint, osteonecrosis, fractures, tumors, synovial pro- 


cesses, and early experience with pathologic changes of the finger. 
The discussions in each of these chapters are succinct, lucid, and 
instructive. 

All of the major disease processes discussed are accompanied by 
high-quality illustrations, though | have to admit that it is difficult to 
visualize some of the findings even with arrows delineating the 
abnormality. The most likely explanation is my inexperience with hand 
and wrist MR, but | do wonder how many of the subtle ligamentous 
and tendinous changes were noted in retrospect or after clinical 
correlation. This does not detract from the excellence of this book in 
any way. It merely emphasizes the need for prospective studies now 
that the usefulness of MR imaging has been documented so well by 
the authors’ experience. 

No question exists that MR will become the imaging technique of 
choice for many of the pathologic conditions of the wrist and hand. 
For any radiologist (generalist or subspecialist) involved in the per- 
formance of wrist or hand MR, this book is mandatory reading. 
Because of the wealth of clinical information found in this work, | also 
recommend it as a reference text for radiologic and orthopedic 
departmental libraries. 


David W. Nelson 
Oregon Health Sciences University 
Portland, OR 97201 
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Avascular Necrosis: Early MR Imaging 
and Histologic Findings in a Canine Model 





To examine the early MR and histologic changes of avascular necrosis, we surgically 
devascularized the distal femur of adult beagle dogs and performed short TR/short TE 
MR imaging and histologic examinations. MR showed increasing areas of low signal, 
and histologic examination showed changes of fat necrosis, inflammatory infiltrate, and 
fibrocytic and bony repair. These processes were divided into four stages. Stage 1 is 
seen in the first days after surgery and consists of homogeneous high signal on MR and 
only subtle histologic changes of early fat necrosis. Stage 2, seen by 7 days after 
surgery, shows linear low-signal areas within the high-signal marrow on MA and fat 
necrosis and an inflammatory infiltrate on histologic sections. Stage 3, seen by 16 days 
after surgery, shows patchy low signal occupying more of the marrow on MR with a 
fibrocytic infiltrate on histologic sections. Stage 4, seen by 23 days after surgery, shows 
a more homogeneous low and intermediate signal on MR and histologic findings of more 
organized fibrocytes and the onset of new bone formation. 

Using this model, we have proved that MR imaging can show marrow changes as 
soon as 1 week after the onset of avascular necrosis. Whereas MR imaging showed a 
progression of increasing areas of low signal, the histologic findings seen during this 
time were diverse, including inflammatory infiltration (a previously unreported finding), 
fat necrosis, and fibrocytic and osseous repair. 
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Since 1983, reports have documented the ability of MR imaging to visualize 
avascular necrosis (AVN) [1]. More recent reports have shown MR to be the most 
sensitive means available for the detection of AVN [2-5]. This sensitivity is now 
well accepted. Several different patterns of MR imaging changes have been 
described, with all showing low signal in the subarticular marrow on short TR/short 
TE images [6]. 

A classic appearance, a ringlike low signal surrounding higher signal, is frequently 
seen in advanced AVN. However, studies have shown that bone with histologically 
proved AVN can appear normal on MR images [7]. No pattern of progression from 
normal bone marrow to the classic ringlike low density during a period after the 
onset of AVN has been documented. Other appearances, including a homogeneous 
intermediate gray appearance of the marrow in the femoral head, have been 
reported to occur in AVN [8]. This could represent either a second appearance of 
AVN or a stage in the development of MR imaging changes. 

Although valuable information continues to be gained from clinical cases, these 
studies have limitations. First, in investigating MR imaging and AVN, histologic data 
are necessary to understand the physiologic changes that result in changes in MR 
imaging appearance. Although this has been done in some studies, histologic 
material has either been confined to the small samples provided by core biopsies 
or to very advanced cases [9, 10]. Second, in order to determine the onset and 
progression of MR changes, exact knowledge of the interval following the onset of 
AVN is also necessary. This usually is not possible in clinical cases. Third, as AVN 
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can probably result from many different initial insults, clinical 
studies most likely reflect a heterogeneous population. In 
order to obtain histologic material at serial intervals after an 
identical insult, we used an animal model of AVN. 

Using this model, we have been able to perform MR imaging 
on avascular bone during the first days and weeks of AVN. 
In addition, we have been able to show histologic changes 
that parallel the MR changes. 


Materials and Methods 


The distal femurs of adult beagle dogs were made surgically 
avascular by using the following technique. General anesthesia was 
induced with a 2.5% solution of Surital (thiamylal sodium, Park-Davis, 
Morris Plains, NJ) in isotonic sodium chloride. The dogs were then 
intubated and anesthesia maintained with Fluothane (halothane, Ay- 
erst Laboratories, New York). A hind limb was disarticulated at the 
knee, and the lower limb was removed. Hemostasis was achieved 
by ligation of the larger vessels and electrocautery of smaller vessels. 
The distal femur was exposed by blunt dissection, and the distal 4 
cm of the periosteum of the distal femur was removed by sharp 
dissection. Two and a half centimeters above the condyles, the medial 
and lateral cortex was drilled horizontally with a 4-mm bone drill. The 
marrow was removed at this level with a small spoon curette. The 
marrow proximal and distal to this level was not disturbed. The skin 
was then closed over the distal femur by using a fish-mouth closure. 
The dogs received 2 ml of Combiotic (procaine penicillin G and 
streptomycin sulfate, Pfizer Laboratories, New York) daily for 7 days 
postoperatively; postoperative care was otherwise routine. 

Imaging sessions were performed postoperatively on the day of 
surgery and on postoperative days 3, 7, 10, 13, 17, 21, 23, 27, and 
30. Plain radiographs and MR images were obtained at each session. 
One dog was used at each session; the series thus required 10 dogs. 
In vivo radiographs were taken on Quanta detail film (Dupont, Clifton, 
NJ). MR imaging was performed on a Diasonics MT/S 0.35-T system 
(Diasonics, South San Francisco) by using a temporomandibular joint 
small-field-of-view coil. T1-weighted sequences were used with 5- 
mm slices, 500/40 (TR/TE), and 2.5-mm slices, 500/50. Imaging was 
performed in the coronal, sagittal, and axial planes. The unamputated 
femur served as a control. 

At the end of each session, the dog was sacrificed and the operated 
distal femur was removed and placed in formalin. Contact specimen 
radiographs were then obtained. The plane of histologic section was 
chosen to approximate the coronal MR plane. One unamputated 
femur was treated in the same manner as a control. 

All plain films and MR images were examined by two radiologists. 
The histologic sections were examined by a pathologist without 
knowledge of the postsurgical interval. MR and pathologic interpre- 
tations were both performed on the entire distal femur, beginning 1 
cm or more distal to the drilling site so that the area of focal 
posttraumatic repair at the drilling site was not included. The char- 
acteristics of the entire area examined were recorded for both the 
MR images and histologic sections. Specific point-to-point correlation 
was not attempted. 


Results 


The in vivo radiographs showed no changes throughout 
the study. The specimen radiographs showed periosteal new 
bone and new bone formation at the drilling site. A subtle loss 
of trabecular definition was noted in the subcondylar bone 
(Fig. 1). 

Overall, MR showed a gradual increase in the amount of 
low signal seen within the normally high-signal marrow space. 
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Fig. 1.—A, Specimen radiograph of distal femur of an adult beagle on 
day of surgery. Drilling site is visible in diaphysis (arrow). 

B, Specimen radiograph of distal femur of an adult beagle 30 days after 
surgery. Note healing at drilling site. Trabecular pattern distally is less well 
defined than in A, and poorly defined areas of increased bone density are 
present. 


Some decrease in signal was seen by 3 days after surgery, 
with most areas of low signal well defined by 7 days after 
surgery. This low signal progressed from a linear heteroge- 
neous pattern to a more homogeneous appearance. Histo- 
logic examination showed a progression of changes beginning 
with fat necrosis, followed by the appearance of an inflam- 
matory infiltrate, and subsequently fibrocytes. Finally, by 23 
days after surgery, new bone formation was seen. 

The MR and histologic appearances of the control specimen 
are shown in Figure 2. Stage 1 was defined as homogeneous 
high signal of the marrow on MR imaging. This normal MR 
appearance was seen postoperatively within 1 day of surgery 
(Fig. 3A); histologic examination of sections from the operated 
femur showed early fat necrosis and formation of microlipid 
lakes (Fig. 3B) because of disruption of the cell membrane of 
the lipocytes. The loss of the regular size of the lipocytes was 
the only histologic change of the stage 1 specimen when 
compared with normal controls. 

Stage 2 was clearly seen by day 7, when irregular linear 
areas of low signal appeared within the high-signal marrow 
(Fig. 4A). The histologic sections showed fat necrosis and an 
inflammatory infiltrate (Fig. 4B) characterized by polymorpho- 
nuclear cells irregularly distributed throughout the marrow. 
These MR and histologic appearances persisted through 
day 13. 

Stage 3 was seen by day 16, when the MR appearance 
had become more confluent and homogeneous, with a greater 
percentage of low-signal areas. Low- and high-signal areas 
occupied approximately equal portions of the marrow cavity 
(Fig. 5A). Histologic examination showed an unorganized 
fibrocytic infiltrate with residual inflammatory changes (Fig. 
5B). This appearance persisted through day 21. 

Stage 4 was seen by day 23, when the MR appearance 
became more homogeneous. The majority of the marrow was 
now intermediate or low in signal (Fig. 6A). Histologic exami- 
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Fig. 2.—A, MR image (500/50, 2.5 
mm thick) of control specimen from dis- 
tal femur of adult beagle. Homoge- 
neous high signal is seen in distal fem- 
oral marrow Cavity. 

B, Histologic section of control spec- 
imen from distal femur shows normal 
appearance of bone marrow. Note reg- 
ular size of lipocytes. (H and E, original 
magnification x25) 


Fig. 3.—A, MR image (500/50, 2.5 
mm thick) of distal femur of an adult 
beagle on day of surgery. Homoge- 
neous high signal of marrow cavity is 
same as that seen in control specimen. 

B, Representative histologic section 
of specimen shown in A. Lipid collec- 
tions are heterogeneous in size, with 
most much larger than those in control 
specimen (see Fig. 2B), indicating loss 
of lipocyte integrity. These microlipid 
lakes indicate fat necrosis. (H and E, 
original magnification x25) 


Fig. 4.—A, MR image (500/50, 2.5 
mm thick) of distal femur of adult bea- 
gle 7 days after surgery shows linear 
areas of low signal within predomi- 
nantly high-signal marrow. 

B, Representative histologic section 
of specimen shown in A, with large 
irregular areas of amorphous debris. 
Some lipid persists, but no lipocyte cell 
membranes are seen. Polymorphonu- 
clear cells are seen irregularly distrib- 
uted throughout specimen (arrows). (H 
and E, original magnification x25) 
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nation showed more organized fibrocytic repair with the onset 
of new bone formation (Fig. 6B). This appearance was seen 
through the end of the study period of 30 days. 


Discussion 


This study shows that MR changes can be seen as early 
as 1 week after acute interruption of the vascular supply. 
When these earliest MR changes occur, fat necrosis and an 
inflammatory infiltrate are seen histologically. This early inflam- 
matory infiltrate has not been documented by other research- 
ers, but the remaining findings of fat necrosis and fibroblastic 
repair correspond well to those of a recent Clinical study 
[11]. It is possible that this type of acute inflammatory infiltra- 
tion also occurs briefly in AVN of the femoral head in humans. 
The patient may be asymptomatic at this stage and therefore 
not undergo MR imaging or scintigraphy. 
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Fig. 5.—A, MR image (500/50, 2.5 
mm thick) of distal femur of adult bea- 
gle 16 days after surgery. Low-signal 
areas are more confluent than on im- 
ages obtained 7 days after surgery. 
Low signal has replaced much of orig- 
inally high-signal marrow, and low and 
high signals occupy approximately 
equal portions of marrow cavity. 

B, Histologic section from specimen 
shown in A shows replacement of 
amorphous debris by fibrocytes. Fibro- 
cytes (F) with lipid lakes (L) were seen 
throughout specimen. (H and E, original 
magnification x25) 


Fig. 6.—A, By 23 days after surgery, 
MR image (500/50, 2.5 mm thick) 
shows increased areas of low signal in 
marrow cavity of distal femur of adult 
beagle. Low signal is more confluent 
and occupies most of marrow Cavity. 

B, Histologic section from specimen 
shown in A shows evidence of contin- 
uing repair process. Fibrocytes now 
have a whirled, less randomly oriented 
appearance than was seen earlier (Fig. 
5B), and new trabecular bone (arrow- 
heads) is present. (H and E, original 
magnification x25) 


Bone marrow edema has been postulated to explain the 
MR appearance of many bone marrow changes including 
AVN [8, 12]; however, this edema has not been shown 
histologically. Our histologic study revealed only fat necrosis, 
cellular infiltrates, and new bone formation. 

The lack of specificity of MR imaging makes it difficult to 
determine the physiologic mechanism underlying the MR 
changes without histologic correlation. The histologic data we 
obtained allowed us to describe the abnormality underlying 
the early MR imaging changes that occur within the avascular 
segment. It is important to define the early period of AVN 
because successful therapy, whether decompression or 
other, must begin at this time. 

Our model did not develop a well-defined peripheral reactive 
zone. These findings therefore cannot be directly compared 
with the appearance seen in clinical studies of advanced AVN. 
Our findings are limited to the changes occurring within the 
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avascular segment. Further studies are needed to correlate 
these findings with clinical studies of early AVN in order to 
evaluate their relevance to the clinical situation. 

We were able to study the earliest changes of AVN, which 
appeared as early as 1 week after the onset of AVN. An 
inflammatory infiltrate, not previously described in AVN, was 
identified. Our model can be used to search for new MR 
imaging strategies that can identify early changes. The use of 
different pulse sequences, contrast agents, and MR spec- 
troscopy needs to be investigated. 
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Book Review 





The Radiologic Clinics of North America. Imaging of Joints. Guest editor: Jeremy J. Kaye. Philadelphia: Saunders, 
September 1990;28(5):905-1138. $25; by subscription, 6 issues annually for $93 


Musculoskeletal radiology has made great strides in the past 2 
years with regard to imaging of the joints. The development of MR 
imaging and improvements in surface-coil technology have presented 
radiologists with an opportunity to show the internal anatomy of joints 
and joint disorders. The editor of this monograph, Jeremy J. Kaye, 
an eminent musculoskeletal radiologist, has enlisted a group of 
internationally known authors to produce this volume. The topics are 
timely and reflect the state-of-the-art imaging for each area described. 
The book is organized in a logical fashion, with individual chapters 
beginning with the wrist, the elbow, the shoulder, the hip, the knee, 
and the foot and ankle. Additional chapters cover the small joints 
(temporomandibular joint and facet joints) as well as the sacroiliac 
joints. A separate chapter on advanced imaging of the joints of infants 
and children is included because special consideration is required for 
the young patient. The volume concludes with a review of current 
concepts in the radiology of joint replacement surgery. 

Overall, each chapter is well written and well illustrated. The quality 
of the illustrations, in keeping with the entire Radiologic Clinics of 
North America series, is excellent. Each chapter is also well refer- 
enced with up-to-date articles. With the exception of the chapters on 
the shoulder and the temporomandibular joint, each chapter empha- 
sizes the value of plain films in the initial assessment of these joints. 


it is refreshing to find this emphasis in print in this age when it is so 
tempting to order a more sophisticated imaging study immediately. 

Each chapter follows a format that begins with the technical 
aspects for each type of imaging procedure performed. The pertinent 
normal anatomy then is discussed. The remainder of the chapter is a 
brief, but cogent, discussion of the important pathologic entities that 
may be encountered in that joint. 

This volume has few deficiencies. The chapters on the wrist and 
the ankle and foot have relatively few MR images. The authors have 
noted the value of these studies in evaluating the respective joints. 
Perhaps the lack of images reflects the authors’ lack of access to 
MR units. These omissions, however, are minor and really do not 
detract from the overall value of this volume. 

In summary, Imaging of Joints should be must reading for any 
radiologist who does many musculoskeletal studies. Once again, the 
publisher and editor should be commended for the excellent job in 
producing this volume. 


Richard H. Daffner 
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Pittsburgh, PA 15212 
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Preoperative Evaluation of 
Osteosarcoma: Value of 
Gadopentetate Dimeglumine-Enhanced 
MR Imaging 





Decisions regarding the surgical approach in osteosarcoma require accurate assess- 
ment of tumor extent. In order to determine whether enhancement with gadopentetate 
dimeglumine could add clinically significant information to that available with unen- 
hanced MR imaging, 21 patients with osteosarcoma underwent preoperative MR imaging. 
T1- and T2-weighted spin-echo MR images obtained before and after administration of 
IV gadopentetate dimeglumine were evaluated to determine the conspicuity of marrow 
and soft-tissue extent of tumor, including tumor involvement of major neurovascular 
bundles and adjacent joints. MR results were correlated with tumor margins found at 
surgery. In some instances, use of gadopentetate dimeglumine obscured differentiation 
of tumor from normal marrow or tumor infiltration into perineurovascular fat, and tumor 
extension through pseudocapsule could not be differentiated from periturnoral edema 
after contrast administration. Contrast enhancement did assist in differentiation of 
intraarticular tumor from effusion; however, synovial invasion could be identified on 
unenhanced T1-weighted images by loss of synovial fat and cortical disruption. 

These results indicate that gadopentetate dimeglumine does not assist in defining 
tumor margins of osteosarcoma. 
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Surgical intervention for osteosarcoma may consist of limb sparing procedures, 
amputation, or disarticulation. The choice of procedure requires that intramedullary 
and soft-tissue tumor margins be accurately defined, including tumor infiltration 
into vital neurovascular structures and joints. In order to determine if gadopentetate 
dimeglumine—enhanced MR images could assist in the preoperative evaluation of 
osteosarcoma, we performed pre- and postenhancement imaging preoperatively in 
21 patients. 


Subjects and Methods 


The study included 21 patients with biopsy-proved primary intramedullary osteosarcoma. 
There were 11 males and 10 females 13-52 years old (mean age, 21 years). Eleven tumors 
originated in the distal femur, six in the proximal tibia, and two each in the proximal humerus 
and proximal femur. No patient had known metastatic disease when the MR images were 
made. 

Four patients were imaged before initiation of preoperative chemotherapy. 13 were at the 
midpoint of therapy, and four had completed chemotherapy at the time of MR imaging. In ali 
patients, chemotherapy consisted of a 12-week period of high-dose methotrexate, cisplatin. 
and Adriamycin [1]. 

MR images were acquired with a 0.3-T hybrid permanent resistive magnet. A surface coil 
was used for lesions of the knee and shoulder. The field of view varied fram 14 to 25 om, 
depending on the body part under investigation. Slice thickness and intersiice gap were 
chosen to cover the entire tumor, with 13 images provided for each pulse sequence. Although 
muitiplanar images were obtained in all patients, only axial images were evaluated for this 
study. 
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In order to provide uniformity in image acquisition, a multiple echo, 
multiple repetition (MEMR) sequence was used both before and after 
enhancement [2]. T2-weighted images after contrast administration, 
however, were not used for analysis in the study. This is because 
gadopentetate dimeglumine-induced T2 shortening is not evident 
with the dose of contrast material and pulse sequences used for 
clinical MR scanning. The MEMR sequence allows simultaneous 
acquisition of spin-echo T1- and T2-weighted images. With a pulse 
sequence pair of 340/30 and 2200/85 (TR/TE), 13 images were 
available for each pulse sequence within a single scan acquisition. 
Two signal averages and 192 imaging levels gave an acquisition time 
of 17.5 min per scan set. One set was completed immediately before, 
and one within 20 min after IV administration of 0.1 mmol/kg of 
gadopentetate dimeglumine. No contrast reactions or complications 
occurred. 

Scans were evaluated simultaneously by two experienced radiol- 
ogists, and consensus was reached for all readings. Findings on MR 
images were compared with findings at surgery by evaluating the 
width of tumor-free margins. Pathologic results were not known at 
the time of image interpretation. Unenhanced and enhanced images 
were reviewed to determine intramedullary and soft-tissue tumor 
signal characteristics (and thus differentiation of tumor from normal 
surrounding tissue), the presence or absence of an intact tumor 
capsule or pseudocapsule, the relationship of tumor to major neuro- 
vascular structures, and evidence of synovial or intraarticular invasion 
by tumor. 

For analysis of signal characteristics, intramedullary and soft-tissue 
tumors were independently classified as either homogeneous or 
inhomogeneous. The predominant signal intensity within the tumor 
was then determined to be either void, present but lower than that 
of normal muscle, equal to that of muscle, higher than that of muscle 
but lower than that of subcutaneous fat, equal to that of fat, or higher 
than that of subcutaneous fat. 

A tumor capsule or pseudocapsule was considered present and 
intact when margins of the soft-tissue mass were sharply demar- 
cated. If adjacent muscle showed poorly defined abnormal signal 
intensity with enhanced T1-weighted or unenhanced T2-weighted 
imaging, either peritumoral edema or tumor invasion was thought to 
be present within surrounding soft tissues. 

Major neurovascular structures were evaluated as being either free 
of tumor, abutted by tumor, or encased by tumor. Joints were 
evaluated for a breech in the normal synovium as evidenced by loss 
of the normal high signal intensity of synovial fat. Joint distension 
was also noted and determined to represent either intraarticular tumor 
or fluid. 
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Results 


Tumor Signal Characteristics 


Intramedullary tumor.—On unenhanced T1-weighted im- 
ages, the signal intensity of intramedullary tumor was equal 
to or less than that of muscle in all cases. This pattern was 
homogeneous in 16 cases and inhomogeneous in five. On 
T1-weighted images after administration of contrast material, 
intramedullary tumor enhanced in 11 cases (Fig. 1) and did 
not change in 10 cases. Four tumors that were homogeneous 
became inhomogeneous. The signal characteristics of intra- 
medullary tumor on unenhanced T2-weighted images were 
more variable. Five tumors were of a signal intensity equal to 
or lower than that of muscle, 10 were higher than muscle and 
lower than fat, and six were equal to or higher than fat. Four 
tumors were homogeneous and 17 were inhomogeneous. 

Soft-tissue tumor.—Five tumors were entirely intraosseous. 
Of the 16 with a soft-tissue mass, unenhanced T1-weighted 
images showed 15 with signal intensity equal to that of muscle 
and one with signal intensity higher than that of muscle but 
less than that of fat. Eleven of these were homogeneous and 
five were inhomogeneous. On T1-weighted images obtained 
after administration of contrast material, the signal intensity 
of 13 masses increased to become either higher than that of 
muscle and lower than that of fat (11 cases) or equal to that 
of fat (two). Three retained their unenhanced signal intensity. 
Only three tumors remained homogeneous. On unenhanced 
T2-weighted images, all soft-tissue masses but one showed 
signal intensity higher than that of muscle (13 equal to or 
higher than that of fat). Three were homogeneous and 13 
were inhomogeneous. Five tumors showed uniform high sig- 
nal intensity on unenhanced T2-weighted images and a rim 
of high signal intensity surrounding central intermediate signal 
intensity on unenhanced T1-weighted images, a pattern of 
tumor necrosis (Fig. 2). 


Tumor Capsule/Pseudocapsule 


In 15 of the 16 tumors with a soft-tissue mass, the soft- 
tissue component was sharply defined on both unenhanced 


Fig. 1.—Intramedullary tumor enhancement. 

A, Unenhanced T1-weighted MR image of 
proximal thigh shows intramedullary tumor (ar- 
row) of intermediate signal intensity in right fe- 
mur. Marrow of left femur and subcutaneous fat 
were of normal high signal intensity. 

B, Enhanced T1-weighted MR image shows 
signal intensity of intramedullary tumor in right 
femur to be equal to that of fat. Differentiation of 
intramedullary tumor from normal marrow is not 
possible. 
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T2-weighted images and enhanced T1-weighted images, in- 
dicating the presence of a tumor capsule or pseudocapsule. 
In one patient, soft-tissue margins were poorly defined on 
both enhanced and unenhanced images. Unenhanced T2- 
weighted images in six of the 15 tumors with a capsule or 
pseudocapsule revealed poorly defined streaks of high signal 
intensity within adjacent muscle. In all six, there was gado- 
pentetate dimeglumine enhancement in the same location 
(Fig. 3), and in four, this enhancement was greater than the 
enhancement of the predominant soft-tissue mass itself. Of 
these four, surgical margins revealed that this enhancement 





Fig. 2.—Tumor necrosis. 
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represented peritumoral edema in two cases and tumor infil- 
tration in two cases. 


Neurovascular Involvement 


The major neurovascular structures were clearly free of 
tumor in 15 patients. Comparison of unenhanced T1- and T2- 
weighted images revealed tumor abutting the major bundles 
in five patients. On enhanced T1-weighted images, differen- 
tiation of tumor from normal fat surrounding the neurovascular 
bundle was less evident (Fig. 4). In one patient, a major 





C 


A, Unenhanced T1-weighted MR image of distal thigh shows marrow tumor and contiguous soft-tissue mass of homogeneous intermediate signal 


intensity. 


B, Unenhanced T2-weighted MR image shows both intramedullary tumor and soft-tissue mass are of uniform high signal intensity. 
C, Enhanced T1-weighted image shows persistent low signal intensity, indicating tumor necrosis. Had this represented tumor mineralization, it would 


not have had high signal intensity on T2-weighted image. 


A B 


Fig. 3.—Tumor capsule. 





A, Unenhanced T1-weighted MR image of distal thigh shows margin (arrows) of soft-tissue mass is well defined by pseudocapsule. 

B, Unenhanced T2-weighted MR image shows low-signal-intensity pseudocapsule separating soft-tissue mass from surrounding muscles. High-signal- 
intensity peritumoral edema with poorly defined margins is seen laterally (arrows). 

C, Enhanced T1-weighted MR image shows enhancement of both soft-tissue mass and peritumoral edema. In this patient, edema shows greater 


enhancement. 
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neurovascular bundle was obliterated by tumor. This was 
evident on all images. 


Intraarticular Tumor 


Adjacent joints were free of tumor in 16 patients. This was 
apparent on unenhanced T1-weighted images, and was evi- 
denced as continuity of a thin band of normal synovial fat and 
lack of intraarticular mass. Unenhanced images in five patients 
revealed abnormal signal intensity interrupting synovium (sy- 
novial invasion) and joint distension. On T1-weighted images, 
intraarticular tumor was of intermediate signal intensity, while 
joint fluid was of very low signal intensity (Fig. 5). Intraarticular 
tumor became higher signal intensity on unenhanced T2- 
weighted and enhanced T1-weighted images. Joint fluid be- 
came very high signal intensity on T2-weighted images, but 





Fig. 5.—Normal synovial enhancement and joint invasion. 

A, Unenhanced T1-weighted MR image through knee shows soft-tissue mass in region of lateral recess of knee joint (asterisk). Invasion of fat has 
occurred adjacent to patella (black arrow). Medially, very low signal joint fluid is present. An intact synovium is evident as a thin band of fat signal intensity 
(white arrow). 

B, Unenhanced T2-weighted MR image shows tumor and fluid both have high signal intensity. 

C, Enhanced T1-weighted MR image shows enhancement of both tumor in lateral recess and uninvolved synovium in medial recess. While lack of 
tumor invasion into medial recess is more striking on enhanced image, this information is available on unenhanced images. 
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retained its low signal intensity on enhanced T1-weighted 
images. Normal synovium enhanced uniformly with gadopen- 
tetate dimeglumine. 


Discussion 


Preoperative imaging of osteosarcoma generally includes 
radiographs, scintigrams, and CT scans or MR images [3]. 
Cross-sectional imaging is used to determine marrow and 
soft-tissue extent of tumor, including the relationship of tumor 
to major neurovascular structures and adjacent joints. This 
information, together with clinical and histological studies, is 
essential for tumor staging and determining the most appro- 
priate type of surgical treatment (limb-sparing procedure, 
amputation, or disarticulation). 

On unenhanced T1-weighted MR images, determination of 


Fig. 4.—Neurovascular bundle. 

A, Unenhanced T1-weighted MR image 
through proximal thigh shows soft-tissue mass 
abuts signal void of superficial femoral vessels. 
High-signal-intensity fat, however, separates tu- 
mor from vascular structures (arrow). 

B, Enhanced T1-weighted image. Because 
both soft-tissue mass and peritumoral edema 
enhance, normal fat surrounding neurovascular 
structures is no longer evident. 
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intramedullary tumor extent is rendered possible by the in- 
herent contrast differentiation between the high signal inten- 
sity of normal fatty marrow and the intermediate signal inten- 
sity of tumor. After administration of contrast material, intra- 
medullary tumor enhanced in 11 of our patients, and the usual 
contrast differentiation between marrow and tumor was lost. 
This same phenomenon was observed by Stimac et al. [4] in 
the evaluation of spinal neoplasms. 

The majority of intramedullary and soft-tissue tumors in our 
Study increased in signal intensity after contrast administra- 
tion. The clinical significance of this phenomenon, however, 
is questionable. Because contrast enhancement is an indica- 
tion of vascularity, authors have attempted to characterize 
tumors according to their enhancement pattern. Stimac et al. 
[4] found that enhancement with gadopentetate dimeglumine 
could determine the vascular character of tumors of the spine, 
but determined that enhancement was not specific for tumor 
activity. Erlemann et al. [5] studied primary musculoskeletal 
tumors with dynamic gadopentetate dimeglumine—enhanced 
MR imaging with a 1.5-T magnet. They determined that 
dynamic imaging with gradient-echo techniques (flip angle of 
90°) after contrast administration allowed differentiation of 
malignant vs benign lesions with an accuracy of 80% [5]. 
Others, however, have not been able to duplicate these 
findings using a 1.0-T magnet and a flip angle of 40° [6]. It 
was not noted in the study of Erlemann et al. whether differ- 
entiation between benign and malignant bone lesions was 
possible with plain radiography, a much less expensive and 
more readily available technique. 

Sharp tumor margins, indicating the presence of a tumor 
capsule or pseudocapsule, were present in 15 patients. This 
was easily identified on both unenhanced T2-weighted and 
enhanced T1-weighted images. Of substantial clinical con- 
cern, however, was the peritumoral high signal intensity seen 
in adjacent soft tissues on the unenhanced T2-weighted and 
enhanced T1-weighted images of six patients. Pettersson et 
al. [7] studied five patients with soft-tissue tumors by using 
gadopentetate dimeglumine-enhanced MR and found that 
both richly vascularized tissues and edematous structures 
enhanced. Hanna et al. [8] found that viable tumor, granulation 
tissue after biopsy, and peritumoral edema enhanced with 
gadopentetate dimeglumine. We also found that this streaky 
pattern of high signal intensity could represent either edema 
or infiltration of tumor into adjacent tissues. In addition, peri- 
tumoral edema may enhance more dramatically than soft- 
tissue tumor. This is in contradistinction to the findings of 
Bloem et al. [9], who found that strong enhancement was a 
reliable indication of tumor. 

Definition of the proximity of tumor to major neurovascular 
Structures presents little problem with the combination of 
unenhanced T1-weighted and T2-weighted MR images. The 
high-signal-intensity fat surrounding large vessels and nerves 
is easily identified on T1-weighted images, and tumor in- 
creases in signal intensity on T2-weighted images. With ga- 
dopentetate dimegiumine, most soft-tissue tumors become 
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high signal intensity, similar to fat. When tumor is very near 
the neurovascular bundle, demarcation between tumor and 
neurovascular bundle fat is either less evident or lost in T1- 
weighted images after contrast administration. 

Normal synovial tissue can be identified on unenhanced 
images by the high signal intensity of synovial fat on T1- 
weighted images. Tumor that has invaded synovium, how- 
ever, shows intermediate signal intensity on T1-weighted 
images and signal intensity equal to or higher than that of fat 
on T2-weighted images. Although distinction between joint 
effusion and intraarticular tumor is more obvious on enhanced 
T1-weighted images, the presence of tumor is nonetheless 
evident before contrast enhancement by identification of sy- 
novial infiltration and adjacent cortical disruption. in addition, 
joint fluid is of low signal intensity on the unenhanced T1- 
weighted images, and tumor is of intermediate signal intensity. 

Our preliminary results suggest that enhancement with 
gadopentetate dimegiumine in preoperative MR imaging of 
osteosarcoma is not necessary. As compared with unen- 
hanced T1-weighted images, differentiation of tumor from 
normal fat, including marrow, fat investing neurovascular 
Structures, and fatty synovium is more difficult after injection 
of contrast material. Although circumstances may arise in 
which contrast enhancement may be useful, we believe that 
the routine use of gadopentetate dimeglumine adds unnec- 
essary imaging time, cost, and remote but potential risk. 
Further investigation with large numbers of patients may 
provide clinically useful indications for gadopentetate dimegiu- 
mine in MR imaging of the musculoskeletal system, 
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Book Review 





Radiology in the Management of Cancer. Edited by R. J. Johnson, B. Eddieston, and R. D. Hunter. New York: 


Churchill Livingstone, 472 pp., 1990, $125 


Twenty-five contributors have combined their considerable talents 
to produce this book, which aims to improve understanding of the 
role of radiology in the management of cancer. The main thrust of 
the book is related to the integration and limitations of available 
imaging techniques in staging cancer and in evaluating the therapeutic 
response or complications. 

This book is well written and organized into 18 chapters. Chapter 
1 is devoted to nuclear medicine imaging, and chapter 2 deals with 
MR imaging. Childhood malignancy is discussed specifically in chap- 
ter 3. Chapters 4 through 17 deal with tumors at specific sites, and 
the final chapter (chapter 18) discusses the use of radiology in 
planning radiotherapy. 

The chapters are informative and, whenever relevant and possible, 
illustrated. However, | was somewhat disappointed by chapter 15, 
which deals virtually exclusively with CT rather than MR imaging for 
the evaluation of CNS tumors. Current developments in MR imaging 
usually far exceed the data available to even the most timely publi- 
cation, and this may have been a problem with this book. 


The references listed after each chapter are timely and adequate, 
and the index is properly arranged. The printing is excellent, and the 
283 illustrations are sharp and of high quality. 

| think that the authors have achieved their goal of making clinicians 
understand the particular relevance of all imaging techniques to the 
cancer patient's management so that patients can have the relevant 
tests and studies done as quickly and as efficiently as possible. 

This book should appeal to all clinicians who treat cancer patients, 
although it is directed to radiologists and oncologists. The book is 
well worth its relatively high price, even though many of the concepts 
can be found elsewhere. This book should be included in radiology 
and oncology libraries. 
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Soft-Tissue Sarcoma: MR Imaging vs 
Sonography for Detection of Local 
Recurrence After Surgery 





To determine the value of MR and sonography in detecting local recurrences of soft- 
tissue sarcomas after surgery, 26 MR and sonographic studies performed in 21 patients 
were reviewed retrospectively. Recurrences were confirmed histologically in 12 (46%) 
of 26 studies. The MR images and sonograms were obtained within 1 month of each 
other. The findings were classified as recurrence, no recurrence, or indeterminate. 
Sonography was instrumental in guiding fine-needle aspiration biopsy of impalpable 
lesions. In two cases, the findings on sonography were indeterminate. In both of these 
cases, the sonograms had been obtained soon after surgery (at 2 and 4 months). The 
sensitivity and specificity in the detection of local recurrences were 83% and 93%, 
respectively, for MR and 100% and 79%, respectively, for sonography. These differences 
were not statistically significant. 

We conclude that MR and sonography appear to be equally useful in the detection of 
local recurrences of soft-tissue sarcomas, sonography can be used for routine follow- 
up and in guiding needle biopsies, sonography may be more difficult to interpret than 
MR during the early postoperative period, and MR should be used if sonography is 
inconclusive. 
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Soft-tissue sarcomas account for 1% of malignant tumors; their most common 
location is in a lower extremity [1, 2]. These tumors are known to have a high 
tendency for local recurrence, depending on the tumor type, size, grade, and 
location. Although this tendency has been modified by improvements in radiation 
therapy and chemotherapy, the rate of local recurrence reportedly is as high as 
90% after simple excision and approximately 30% after wide monobloc resection 
[1, 3]. The local recurrence rate is even higher after surgical resection of previously 
recurrent tumors [3]. 

Clinical detection of these recurrent tumors is difficult, especially when the tumor 
recurs in the scar or in deep tissue. MR imaging is well suited for examining the 
soft tissue of the extremities, where motion artifacts are avoided. Previous inves- 
tigations have demonstrated that MR is superior to CT because of the higher 
contrast resolution and direct acquisition of three-dimensional images available 
with MR, although involvement of cortical bone is seen better on CT [4-10]. 

Sonography has recently become popular for evaluating soft-tissue masses, 
especially in children [11-13]. Sonography’s usefulness has also been in detecting 
tumor recurrence [14]. Because sonography is easier to perform and provides 
easy guidance for biopsy, sonography might be advantageous in detecting locally 
recurrent tumors if it is as effective as MR. 

The purpose of this study was to evaluate and compare MR and sonography for 
detecting local recurrence of tumor after surgery. 
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Materials and Methods 


From 1987 through 1989, 38 sets of MR and sonographic exami- 
nations performed within 1 month of each other were selected 
randomly from the population of patients who had been treated 
surgically for soft-tissue sarcomas. If different sets of examinations 
were a part of follow-up in the same patient, only the first set was 
selected to review. Also, if a patient had more than one lesion (three 
cases) or more than one operation (two cases), the examinations for 
each surgical area were considered different studies. 

Twenty-six sets of MR and sonographic examinations in 21 pa- 
tients (seven men and 14 women) were available for review. The 
patients were 12-71 years old (mean, 28 years). MR and sonography 
were performed within 1 month of each other and between 1 and 32 
months (mean, 12 months) after the last operation: seven within 6 
months, including three 1-month postoperative examinations; six 
within 7-12 months; five within 13-18 months; three within 19-24 
months; and five after 24 months. 

All patients had soft-tissue sarcomas in the extremities: five malig- 
nant fibrous histiocytomas, five synovial sarcomas, three epithelioid 
sarcomas, two unclassified sarcomas, two fibrosarcomas, one pleo- 
morphic sarcoma, one hemangiopericytoma, one liposarcoma, and 
one neuroepithelioma. All patients had had at least one surgical 
excision plus chemotherapy and/or radiation therapy before MR or 
sonography. 

MR imaging was performed by using multislice spin-echo T1- 
weighted, 600/20 (TR/TE), and T2-weighted, 2000/30-80, se- 
quences with a 1.5-T scanner (General Electric, Milwaukee, WI). 
Images were obtained in at least two planes: axial and either coronal 
or sagittal. Gadopentetate dimeglumine (Magnevist, Berlex Labora- 
tories, Wayne, NJ) was used in a concentration of 0.1 mmol/kg of 
body weight in four patients. Gradient-echo sequences, 200/20/20° 
(TR/TE/flip angle), were used in two patients. 

Sonography was performed in all patients by using real-time son- 
ographic scanners with 7.5-MHz linear-array transducers. A 5-MHz 
transducer was used electively for evaluation of deep tissues in some 
cases. Examinations were performed with particular attention to scars 
and palpable nodules. When necessary, sonographically guided fine- 
needle aspiration was performed freehand. 

The MR images and sonograms were reviewed independently by 
two experienced reviewers in each field without knowledge of the 
clinical or histologic outcomes and histologic diagnosis of the primary 
neoplasms. The two reviewers agreed with each other about most 
of the examinations; when there was disagreement, a consensus 
was reached. 

The findings on MR and sonography were classified on the basis 
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of visual analysis into three groups: recurrent/residual tumor, no 
recurrent/residual tumor, and indeterminate. On MR, a recurrence 
was suspected when there was a discrete nodule of low to medium 
signal intensity on T1-weighted images and increased signal intensity 
on T2-weighted images, with or without contour deformity in adjacent 
tissues (Fig. 1). Areas of low to medium signal intensity on both T1- 
and T2-weighted images without nodular configuration, whether or 
not theses areas were well defined, were considered postsurgical 
changes without tumor recurrence (Fig. 2). Fluid collections without 
solid nodules were included in postsurgical changes (Fig. 3). The 
possibility of tumor recurrence was excluded if no or minimal diffuse 
enhancement occurred after administration of gadopentetate dime- 
glumine (Fig. 2). Areas that could not be classified as either group 
and technically inadequate studies were considered indeterminate. 

On sonograms, a lesion was considered a recurrent tumor when 
a discrete hypoechoic mass was present (Figs. 1 and 4). Areas of 
diffuse abnormal echogenicity without a discrete nodule (Fig. 3) were 
classified as no tumor recurrence. Sonographically indeterminate 
lesions were classified in the same way as with MR (Fig. 5). In two 
cases, the time elapsed since the previous surgery was provided; 
both of these cases were considered indeterminate. 

Histologic confirmations were made by fine-needle aspiration and/ 
or another operation in 18 areas that appeared suggestive of recur- 
rent tumors with either MR or sonography. Twelve were confirmed 
as recurrent tumors. The remaining 14 cases were considered neg- 
ative for recurrence, six proved by histologic results and eight by 
multiple follow-up examinations. Follow-up examinations were done 
for minimum of 8 months and up to 36 months (mean, 16 months). 
Only two cases had less than 1 year of follow-up. 

For statistical analyses, indeterminate cases were included in the 
tumor recurrence group, as these would require close observation 
for a possible recurrent tumor in actual practice. The sensitivity and 
specificity of each technique were calculated with 95% confidence 
intervals [15, 16]. Results of MR and sonography were analyzed and 
compared with each other by using the chi-square and kappa statistic 
[17]. Overall comparative data were analyzed by using heterogeneity 
chi-square to see if the findings from two techniques were sufficiently 
similar that they could be pooled as if one technique [18]. 


Results 
MR Imaging 
Ten of 26 MR studies showed recurrent tumor, 15 did not, 


and one was indeterminate (only proton-density images were 
available to review). All of the 10 cases that showed tumor 


Fig. 1.—Recurrent synovial sarcoma at plan- 
tar surface of right foot. 

A, T2-weighted MR image obtained 10 months 
after surgery shows a nodule (arrow), approxi- 
mately 1 cm in diameter, of high signal intensity. 

B, Sonogram obtained 5 days later shows a 
discrete hypoechoic nodule at corresponding 
area. A needle (arrow) is seen within nodule 
during sonographically guided fine-needle aspi- 
ration. 
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Fig. 2.—Hemangiopericytoma without recur- 
rence. Tumor was resected 11 months earlier at 
medial aspect of right thigh. 

A and B, T2-weighted MR image (A) and 
godopentetate dimeglumine-enhanced T1- 
weighted MR image (B) show postsurgical scar 
as an area of low signal intensity with no signif- 
icant enhancement. No discrete mass is seen. 
Poorly defined area of high signal intensity (A) 
and minimal enhancement (B) were thought to 
be related to recent radiation therapy. Subcuta- 
neous edema is present (A). 


A 
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Fig. 3.—Hemangiopericytoma without recurrence. Tumor in right thigh was resected 4 months earlier. 
A-C, T1-weighted (A) and T2-weighted (B) MR images show scar and fluid collection, corresponding to acute postsurgical change on sagittal sonogram 
(C). Note also poorly defined hypoechoic edema (C). Fluid collection and edema decreased progressively on multiple follow-up examinations. 


on MR were histologically confirmed as having recurrent 
tumors. Two of 15 cases that did not show tumor proved to 
have recurrent tumors: one synovial sarcoma (Fig. 4) proved 
by biopsy and one malignant fibrous histiocytoma (Fig. 5) 
proved by surgery. Two other patients who underwent sub- 
sequent surgeries had microscopic foci of tumor at the pre- 
vious surgical margins. In another two, fluid collections were 
aspirated and showed no tumor cells. One had a second 
operation because of clinical suggestion of recurrence, but 
no tumor was found. The final eight areas that appeared 
abnormal after surgery remained unchanged or became 
smaller progressively on multiple follow-up examinations. 

Considering the limitations in spatial resolution of MR, two 
microscopic tumors were considered true negative findings. 
Thus, only two results were false negative for tumor (Table 
1). The sensitivity and specificity of MR were calculated to be 
83% and 93%, respectively. Chi-square analysis (x? = 15.4, 
p < .001) indicates that the MR results are not random. The 
kappa statistic (x = .7665) indicates a high degree of relation- 
ship between the MR and histologic findings. 


Sonography 


Thirteen of 26 sonographic studies showed recurrent tu- 
mors, 11 did not, and two were indeterminate. One of the 
indeterminate cases was proved to have macroscopic resid- 
ual tumor after another operation (Fig. 5), and the other was 
considered to have no tumor recurrence on the basis of 
multiple follow-up examinations. Both of these studies were 
performed in the early postoperative period (2 and 4 months), 
and because of the recent surgeries, acute postoperative 
changes could not be differentiated with confidence. Eleven 
of 13 cases that showed tumor on sonograms proved to have 
recurrent tumors. One of the remaining two was found to 
have microscopic tumor after further surgery. The last one 
had no tumor cells on fine-needle aspiration, and the findings 
were stable on multiple follow-up examinations. One of 11 
cases that did not show tumor was found to have microscopic 
tumor recurrence during further surgery. Another two had 
fluid collections. One underwent another operation because 
of a clinical suggestion of recurrence, but no tumor was found. 
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Fig. 5.— Recurrent malignant fibrous histiocytoma in right gluteal region. 

A and B, T2-weighted (A) and gadopentetate dimeglumine-enhanced T 1-weighted (B) MR images obtained 1 month after surgery show only nonspecific 
postsurgical edema and scar with no discrete mass. 

C, Sonogram shows a well-defined but not discrete hypoechoic area (3.2 x 2.0 cm) that was considered indeterminate. A 1.2 x 1.2 x 1.0 cm recurrent 
tumor was found embedded within scar (3 x 3 x 2 cm) after further surgery. 


TABLE 1: Histologic Correlation of MR and Sonographic 








Findings 
SE Ee ees ee ee 
MR Sonography 
Histologic Finding No N 
O 
Recurrence Recurrence Recurrence Recurrence 
Positive (n = 12) 10 2 12° 0 
Negative (n = 14) 1 i a if 


SN a a a se et ee er ee een: eee we es. Se 
“Includes indeterminate cases. 
? Includes microscopic tumors. 
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Fig. 4.—Recurrent synovial sarcoma in left 
thigh. 

A, T1-weighted (top), T2-weighted (middle), 
and gadopentetate dimeglumine-enhanced T1- 
weighted (bottom) MR images obtained 29 
months after surgery show scar and nonspecific 
changes with minimal diffuse enhancement after 
treatment. No discrete nodule is seen. 

B, Sonogram, however, shows a discrete hy- 
poechoic nodule near femur. 


The final seven postsurgical abnormal-appearing areas re- 
mained unchanged or became progressively smaller and ho- 
mogeneous on multiple follow-up examinations. 

A discrete hypoechoic area confirmed to have microscopic 
tumor after further surgery was considered false positive for 
tumor. Including this case, two cases were false positive for 
tumor (Table 1). The sensitivity and specificity of sonography 
were calculated to be 100% and 79%, respectively. Chi- 
square analysis (x? = 16.3, p < .001) indicates that the 
sonographic results are not random. The kappa statistic (« = 
.7719) indicates a high degree of relationship between the 
sonographic and histologic findings. 
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Comparison of MR and Sonography 


The sensitivity of sonography was slightly higher than that 
of MR, and its specificity was slightly lower than that of MR. 
However, no significant statistical differences were found 
between MR and sonographic results by using heterogeneity 
chi-square (combined x°? = 31, p > .9). Kappa statistics also 
did not show significant differences (p > .3), indicating that 
the rate of disagreement between MR and histology vs so- 
nography and histology was not different. 


Discussion 


High signal intensity on T2-weighted images related to a 
long T2 relaxation time generally has been considered an 
indication of active tumor. However, the presence of relatively 
high signal intensity has not proved to be a reliable indicator 
for tumor recurrence after various therapies [5, 19-22]. In 
one report, only 70% of high-signal areas represented recur- 
rent tumors [20]. Use of nodular configuration, in addition to 
abnormal signal intensity, as a diagnostic criterion seems to 
help increase the accuracy of MR, as seen in our study and 
in a recent prospective study by Reuther and Mutschler [4] 
on musculoskeletal neoplasms. 

The criteria for tumor recurrence in the study of Reuther 
and Mutschler seem to be relatively specific compared with 
ours. They included nodules larger than 1 cm with short T2 
relaxation times in the tumor recurrence group in addition to 
nodules of any size with long T2 relaxation times. This may 
be a helpful criterion if the histologic diagnosis of primary 
tumors is known, because some fibrous tumors do have short 
T2 relaxation times, depending on tissue components. How- 
ever, both studies showed that a majority of these tumors 
still have long or relatively long T2 relaxation times and show 
high or increased signal intensity on T2-weighted images. As 
Clinical histories were not available to our reviewers, which is 
often the case in actual practice, we simply followed our 
criteria, and no case was missed because such information 
was unavailable. In one false-negative case (Fig. 4), signal 
intensity was not the first issue, because no discrete nodule 
could be identified. Overall, the results of the two studies are 


Fig. 6.—Malignant fibrous histiocytoma with- 
out recurrence. Tumor was resected 10 months 
earlier in right thigh. 

A and B, Transverse (A) and sagittal (B) son- 
ograms show a 7-cm-long discrete hypoechoic 
area. No tumor cells were found after fine-needle 
aspiration, and lesion was stable during next 14 
months without further therapy. Appearance on 
transverse sonogram (A) mimics that of a recur- 
rent tumor. 
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identical (Sensitivity: 83% in both studies; specificity: 93% in 
both studies), although the distribution of the primary tumors 
is somewhat different. 

One of the two cases false negative for tumor on MR 
showed a discrete hypoechoic nodule (1.2 x 1.0 cm) on 
sonography that was confirmed to be a recurrent synovial 
sarcoma by sonographically guided fine-needle aspiration. 
Retrospectively, this small recurrent tumor might have been 
obscured by the area of diffuse nonspecific medium to high 
signal intensity on the T2-weighted images (Fig. 4). The 
second case false negative for recurrence on MR was consid- 
ered indeterminate in the early postoperative period on the 
basis of sonographic criteria (Fig. 5). The actual tumor in this 
case was a 1.2- by 1.2- by 1.0-cm malignant fibrous histio- 
cytoma surrounded by a 3- by 3- by 2-cm scar found during 
the subsequent surgery. Failure to detect malignant fibrous 
histiocytoma in this case cannot be explained by the small- 
ness of the tumor and the routine 10-mm slice thickness 
alone. The various T2 relaxation times of such tumors, as 
described in previous reports [4, 10, 23, 24], might be re- 
sponsible. Unfortunately, gadopentetate dimeglumine was not 
helpful in either case. An enhancement depends mainly on 
regional vascularity [25], the lesion would not be enhanced if 
the tumor were surrounded by avascular or hypovascular 
scar, aS was seen in one of our cases. 

Sonography has the advantage of allowing examination of 
superficial tissue easily and thoroughly in every plane without 
gaps. The single case in our study in which sonography was 
used to diagnose a recurrent tumor missed on MR does not 
allow the speculation that sonography is better than MR. 
However, this case illustrates the value of sonography in 
detecting small superficial lesions. Sonography would be par- 
ticularly helpful in detecting recurrent tumors with short T2 
relaxation times. 

The one case still false positive for tumor on sonography 
10 months after initial surgery, showed a fairly well-defined, 
elongated hypoechoic area (1.5 x 0.8 x 7.0 cm) (Fig. 6), but 
fine-needle aspiration failed to confirm tumor recurrence. We 
were not able to correlate sonography with MR in this case 
because only proton-density images were available to review. 
The lesion, however, was stable during the next 14 months 
on both sonography and MR. A rather elongated area, as 
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seen in this case, seems to be a postsurgical change rather 
than tumor recurrence and probably represents scar, edema, 
or a fluid collection along the muscle plane or scar itself. This 
suggests that tumors may grow in multiple directions, espe- 
cially when small, to produce a mass effect. 

In the early postoperative period (approximately 3-6 
months), inhomogeneous hypoechoic lesions on sonography 
could not be differentiated with certainty as recurrent tumors 
rather than hemorrhage, edema, new granulation tissue, or 
abscess. Although this uncertainty might have been partially 
due to the reviewers’ inexperience with normal postoperative 
sonographic findings, the relative nonspecificity of sonogra- 
phy in general is well known. Serial follow-up examinations 
would be helpful to exclude or confirm a diagnosis of recurrent 
tumor. Meanwhile, MR was able to characterize recurrent 
tumors and early postoperative changes more easily and more 
accurately. 

One of the well-known advantages of MR over other im- 
aging techniques is its superior anatomic resolution. On so- 
nography, exact locations of the lesions in relation to sur- 
rounding structures could not be delineated without the help 
of previous reports. This disadvantage of sonography could 
be eliminated if images were interpreted by an experienced 
operator at the site of examination. 

We were not surprised that no microscopic residual or 
recurrent tumors were detected by either MR or sonography. 
This appears to be a limitation of currently available tech- 
niques. 

Further prospective investigation is needed to determine 
the efficacy of these imaging techniques in evaluating possible 
tumor recurrence more accurately. In addition, further knowl- 
edge of the normal postoperative course on sonography 
might improve its accuracy. Although the gradient-echo MR 
technique did not add information to the routine spin-echo 
sequence in our cases, it provided much better contrast in a 
shorter acquisition time and has been suggested to improve 
the sensitivity of MR in detecting recurrent tumors [26]. In 
the same way, gadopentetate dimegiumine was not particu- 
larly helpful in detecting recurrent tumors in our two cases. 
However, it was useful for excluding recurrent tumors in two 
other cases in our study, in keeping with previous reports 
[27] (Kim EE et al., presented at the annual meeting of the 
Radiological Society of North America, November 1989). The 
values of the gradient-echo technique and gadopentetate 
dimeglumine require further investigation. Spectroscopic eval- 
uation demonstrating biochemical changes may be helpful 
also. 

In summary, the accuracies of MR and sonography in 
detecting loca, recurrent tumors after surgery are compa- 
rable. Considering the fact that sonography is less costly and 
provides easy guidance for biopsy, it can be used for routine 
follow-up. An initial baseline study 4-6 weeks after surgery 
with both MR and sonography is recommended. When follow- 
up sonography is inconclusive, MR studies should be per- 
formed, possibly with gadopentetate dimeglumine, for further 
evaluation. MR also can be useful for a complete anatomic 
evaluation when sonographic studies indicate local tumor 
recurrence. 
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Improved Imaging of Bone with 
Scan Equalization Radiography 





Use of scan equalization radiography (SER) for imaging bone in the head, face, neck, 
and shoulder was evaluated in a clinical comparison study with conventional radiographs 
of randomly selected patients. Two hundred nine pairs of normal and abnormal SER 
images and conventional radiographs were compared by four radiologists in a side-by- 
side viewing situation. The radiologists compared the visibility of specific anatomic 
features and rated the SER images as better than, equal to, or worse than the conven- 
tional radiographs. In the evaluation of the images of the cervical spine, the radiologists 
much preferred the SER images 63% of the time because of slight improvement in bone 
detail and marked improvement in detail of the soft tissues. In the evaluation of the 
images of the shoulder, the radiologists preferred the SER image 58% of the time and 
preferred the conventional radiograph only 5% of the time (p < .05). In the evaluation 
of the images of the skull, face, and mandible, the radiologists preferred the SER images 
62% of the time and the conventional images 4% of the time {p < .05). 

The superior image quality with the SER technique was recognized by all radiologists 
in the study and was the overwhelmingly preferred way of imaging the shoulder, neck, 
head, and face. 
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Conventional plain film radiography is often suboptimal when used to image 
portions of the body that exhibit large variations in tissue thickness. This results in 
areas of underexposure or overexposure on the radiograph. Nowhere is this 
problem more evident than in conventional chest and bone radiography. With bone 
radiography, the thickest part is optimally exposed but the thinner areas are 
overexposed. In response to these limitations of conventional radiography, scan 
equalization radiography (SER) was developed. SER generates a nonuniform field 
of radiation on the patient that is modulated in response to transmission variations 
of the particular positioning of the patient during film exposure [1-3]. 

The application of SER to chest radiography has been studied, and the results 
are a significant improvement in image quality [4, 5] and diagnostic accuracy 
(6, 7]. Similar studies with another equalization radiography unit (AMBER) have 
shown improvement in chest radiography [8]. The problem of large variations in 
transmission through different body tissues is a common problem associated with 
bone radiography also, especially radiography of the head, neck, shoulder, and 
spine. Most attempts to overcome these limitations have been studies of chest 
radiography with the use of specialized X-ray filters [9, 10]. Other approaches 
include the use of image processing of digitized radiographs [11, 12], photostimul- 
able storage phosphor digital radiographic systems [13, 14], and direct digital 
scanning detector systems [15, 16]. 


Subjects and Methods 


In this investigation, the application of SER to imaging of the cervical spine, head, face, 
mandible, and shoulder was studied. This was evaluated by a subjective assessment of 
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image quality by a panel of radiologists who reviewed matched 
conventional and SER images. 

The details of the configuration and the operation of the SER 
system used in this study have been previously reported [1-3]. This 
SER system uses a 2.5- by 4.0-cm beam of radiation scanned in a 
series of 39 vertical lines. The X-ray output varies up to 2000 times 
during a 2-sec scan, and this is achieved by computer-controlled 
modulation of pulse width. The SER system was designed to be 
operated at 120 kVp for chest radiography, but was adjusted to 
provide artifact-free equalized images at 80-90 kVp with a maximum 
of 600 mA. The conventional radiographs were exposed with 75-kVp 
radiation by using a standard phototimed system. For the SER 
technique, the total scanning time ranged from 1.2 to 4.5 sec for 
posteroanterior, lateral, or oblique views depending on the thickness 
of the body part. Kodak T Mat-G film and Lanex regular screens 
were used for the conventional radiograph. This is the screen-film 
system most often used in our department. Because this prototype 
SER system is limited by tube output, a faster combination of Kodak 
T Mat-G film and Lanex fast screens was used for the SER images. 
The source-to-image distance for the SER images was fixed at 180 
cm, but the conventional bone radiographs were obtained at 122 cm. 
The conventional radiographs were obtained with a wall-mounted 
Bucky grid assembly (grid ratio, 8:1). No grid was used for the SER 
images because scatter rejection was achieved by a 3.0-cm slit 
mounted in the aft collimator assembly. 

All the comparison examinations were done in the upright position 
because this was a design limitation of the SER prototype. For the 
head and neck radiograph obtained with the SER system, the patient 
was positioned as close to the film cassette as possibie, but, because 
of the size of the aft collimator assembly, it was not feasible to place 
the film cassette in direct contact with the exit side of the body part 
examined; however, only about 5% magnification resulted. During 
some examinations of the cervical spine and shoulder, there were 
Slightly different degrees of magnification owing to slight differences 
in positioning of the patients. Positioning was as convenient with the 
SER system as with the conventional system. The comparison ex- 
aminations were done in a different room 5-15 min after the initial 
examination. In about half of the cases, a different radiologic tech- 
nologist positioned the patient for the SER examination. The conven- 
tional radiographs were obtained in the usual fashion with the usual 
film density and on-line monitoring of film quality by a radiologist. The 
SER system was set by using a phantom to provide an excellent 
image and was not readjusted during the study. Phantom studies 
have shown that for SER head and shoulder examinations, radiation 
exposure is less than for conventional studies. This is due to the 
elimination of overexposure around the thin edges of these anatomic 
structures and the film-screen used for SER, which is twice as fast. 

Comparison SER and conventional radiographs were collected 
from 175 volunteers (38-76 years old) during a 3-month period after 
informed consent was obtained. Three or four volunteer patients 
were recruited on each of 3 days a week. Patients were recruited 
without bias as to type or severity of bone disease. Most of the 
patients asked to volunteer did participate. A variety of abnormal 
conditions were included as well as normal examinations. This re- 
sulted in 209 pairs of comparison radiographs of the neck (81), 
shoulder (65), and head (63). The comparison images were obtained 
within 15 min of each other. 

The images were reviewed independently by four radiologists in 
viewing sessions that comprised approximately 50 comparison pairs 
each. Side-by-side comparison was used because the radiologist 
could not be blinded since it was obvious which radiograph was the 
conventional and which was the SER. A previous side-by-side and 
independent comparison study [4] showed no significant difference 
in the opinions of the radiologists about the relative quality of con- 
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ventional and SER radiographs. Nonetheless, the radiologists in that 
study said that they preferred the side-by-side comparison. A side- 
by-side comparison permits easier selection of a preferred image 
when the differences are small. 

The radiologists were asked to compare the visibility of all anatomic 
features and overall image quality and then indicate on a five-point 
scale whether the SER images were much better than (+2), slightly 
better than (+1), equal to (0), slightly worse than (—1), or much worse 
than (~2) the conventional images. The radiologists were provided 
with the patient's age and sex but not the patient’s clinical history. 
There were no time constraints for viewing the radiographs. Before 
the study, the comparative features of the SER and conventional 
radiographs were illustrated in a 30-min training session with four 
demonstration cases. A brief technica! explanation of the equalization 
technique was also given. The training sessions consisted of individ- 
ual meetings with verbal instructions and the opportunity for discus- 
sion. 


Results 


The 175 patient examinations resulted in 209 pairs of 
comparison images on which each of four radiologists made 
501 observations. A summary of the radiologists’ opinions of 
the neck, shoulder, and head radiologic examinations is 
shown in Table 1. The radiologists had a marked preference 
for the SER images. The average improvement in score (on 
the scale of —2 to +2) of the 2004 SER images compared 
with conventional bone radiographs was +0.75. In 690 com- 
parisons, no difference was seen. In 1233 comparisons, the 
SER image was better, whereas in 81 comparisons the 
conventional image was better. By chi-square analysis, SER 
was a Significant (p < .05) improvement. 


Cervical Spine 


Cervical spine examinations of 47 patients resulted in 47 
lateral, 20 oblique, and 14 anteroposterior comparison ex- 
aminations. For each of these groups the radiologists were 
asked to comment on the clarity of the anatomy at the C1- 
C2 level, at the C3-C7 level, and of the soft tissues. Table 1 
shows that for cervical spine examinations there was a pref- 
erence for the SER images, with 209 (22%) regarded as much 
better, 395 (41%) as slightly better, and 333 (84%) as equiv- 
alent. Only 35 (3%) of the SER images were classified as 
inferior to the conventional images. 

Comparison of an SER and conventional cervical spine 
examination is shown in Figure 1, where all four radiologists 
preferred SER. A markedly improved soft-tissue detail in the 
upper pharynx and larynx is usually seen. Most of the cases 
included in the study had normal soft tissue. The bones were 
frequently abnormal. The improved contrast in the bony struc- 
tures and better visibility of C7 was due to the adjustments 
in exposure possible with SER. 


Shoulders 


For the 65 comparison shoulder examinations, the radiol- 
ogists were asked to compare the visibility of all anatomic 
detail of the humerus, scapula, and clavicle. The SER images 
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TABLE 1: Ratings of Scan Equalization Radiography (SER) and Conventional Radiography by 
Four Radiologists 




















Rating 
Region Imaged 
+2 +1 0 —1 —2 
Cervical spine 
Anteroposterior (n = 14) 
C1-C2 23 28 5 0 0 
C3-C7 7 19 26 4 0 
Soft tissues 19 33 4 0 0 
Oblique (n = 20) 
C1i-C2 ir 37 25 1 0 
C3-C7 0 20 51 9 0 
Soft tissues 20 30 29 1 0 
Lateral (n = 47) 
C1-C2 31 75 79 2 1 
C3-C7 25 63 83 16 1 
Soft tissues 67 90 31 0 0 
Subtotal 209 395 333 33 2 
Shoulder (n = 65) 
Humerus 20 107 117 16 0 
Scapula 23 131 95 11 0 
Clavicle 47 127 13 12 1 
Subtotal 90 365 285 39 1 
Head (n = 63) 
Skull (n = 11) 9 19 14 2 0 
Face (n = 22) 24 42 20 2 0 
Mandible (n = 30) 20 60 38 2 0 
Subtotal 53 121 72 6 0 
Total (n = 209) 352 881 690 78 3 





Note.—A rating of +2 means SER is much better than conventional radiography, +1 means SER is slightly better 
than conventional, 0 means SER is equal to conventional, —1 means SER is slightly worse than conventional, and —2 
means SER is much worse than conventional. 


Fig. 1.—A, Conventional radiograph 
of cervical spine in a patient with se- 
vere degenerative arthritis. 

B, Scan equalization radiograph 
shows better detail, especially of soft 
tissue, base of skull, and C7. 
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were regarded as being either much better or slightly better 
than the conventional images 58% of the time. The SER 
images were equivalent 37% of the time, and 5% were found 
to be inferior. Examinations of the shoulder showed marked 
differences between the SER and conventional radiographs. 
With the SER technique, the soft tissues were seen uniformly. 
In many cases, the bony structures were seen optimally 
without the use of a bright light. An example in which all four 
radiologists thought the antomic detail was better with SER 
is shown in Figure 2. 


Head 


The 63 radiographic examinations of the head area included 
11 radiographs of the skull, 22 of the face, and 30 of the 
mandible. The SER images were judged to be superior in 174 
(69%) of the images, equivalent in 72 (29%), and inferior in 
six (2%) (Table 1). 

Examinations of the head resulted in improved visibility of 
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anatomic detail when examinations were performed not only 
of the skull but also of the face and mandible. The uniformity 
of exposure resulted in improved contrast and visibility, es- 
pecially around the edges of the calvaria. The underexposure 
commonly seen in the thicker parts of the face and skull also 
was reduced. This is seen well in an example of the antero- 
posterior examination of the face (Fig. 3). 

Table 2 is asummary of Table 1, grouped so that it is easier 
to compare the ratings of visibility in terms of percentages. 

The preference of the individual radiologists for either the 
SER or conventional study is listed in Table 3; the categories 
of much better and slightly better and of much worse and 
slightly worse were grouped. Statistical analysis with the chi- 
square method showed a significant difference (p < .05) for 
all categories and radiologists except one. 

Table 4 shows a summary of the data in Table 3, listing 
each radiologist’s preferences for the images of the head, 
neck, and shoulder. The five categories were grouped into 
three because not all the radiologists found it easy to differ- 


Fig. 2.—A, Conventional radiograph 
of shoulder in patient with fracture of 
humeral head shows overexposure of 
acromioclavicular joint. 

B, Scan equalization radiograph 
shows better detail of soft tissue, ac- 
romioclavicular joint, and lateral part of 
humeral head. 


Fig. 3.—A, Conventional radiograph 
of face in patient with bilateral maxillary 
sinusitis. 

B, Scan equalization radiograph 
shows more uniform exposure and im- 
proved contrast of all bony and soft- 
tissue structures. 
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entiate between slightly better and much better. Nonetheless, 
the difference between individual radiologists is still noticea- 
ble. The general trend was a preference for the SER images, 
ranging from 42% (radiologist 1) to 88% (radiologist 4) being 
judged as superior to the conventional images. Even though 
radiologists 1 and 4 had a different frequency of preference 
for the SER images, there was less of a difference in the 
opinion that the SER was rarely worse (2-11%) than the 
conventional image. There was a significant preference (chi 
square, p < .05) for SER by each individual radiologist when 
analyzed by body areas: cervical spine, shoulder, and head. 

Diagnostic differences were noted in some comparison 
images, but the study did not include enough cases to ob- 
serve statistical significance. 


Discussion 


The capability of SER to provide a more uniform exposure 
over the entire radiograph, regardless of variations in body 
tissue X-ray transmission, results in improved visibility of 
normal anatomic detail as judged by this subjective analysis 
by four radiologists. Despite the faster film-screen combina- 
tion and higher-kilovoltage X-ray spectrum used for the SER 
images, the SER image quality was regarded as equivalent 
(34%) or superior (62%), with only a very few cases (4%) 
regarded as inferior. Most of the 4% of SER cases that were 
inferior were deemed so because of slight underexposure or 
differences in the positioning of the patients. Some of those 
SER examinations might have been repeated, but the protocol 
did not permit it. Some of the comparison conventional radio- 
graphic examinations were repeated. The frequency of repeat 
examinations was not recorded. We think that the primary 
value of the SER image is the consistency of image quality 
and exposure uniformity that is characteristic of all SER [4, 


TABLE 2: Ratings of Visibility of Anatomic Detail and Image 
Quality on Scan Equalization Radiography (SER) vs 
Conventional Radiography by Region 





Quality of SER Compared with 
Conventional Study 


Region (% of images) 
Better Equal E Worse 
Cervical spine 63 34 3 
Shoulder 58 37 5 
Skull 64 32 4 
Face 74 24 2 
Mandible 66 32 2 
Average 62. 34 4 
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7}. Although anatomy that is overexposed on conventional 
radiographs can be visualized with a bright light, the consist- 
ency of exposure with SER precludes the need for bright 
lights and provides a significant increase in final image con- 
trast owing to controlled film exposure at the peak film 
gradient. 

The SER images were virtually free of artifacts. There were 
no scan lines or problems with overcompensation. The radia- 


TABLE 3: Preference Ratings for Scan Equalization 
Radiographic (SER) images by Individual Radiologists 





Radiologist No. 


$ 2 3 4 

Skull 

Better 4 10 4 10 

Equal 7 1 6 0 

Worse 0 0 1 $ 
Mandible 

Better 15 18 12 21 

Equal ri 4 8 1 

Worse Q 0 2 0 
Facial bones 

Better 14 23 16 27 

Equal 15 7 4 2 

Worse i 0 0 1 
Humerus 

Better 14 39 26 4g 

Equal 51 26 25 15 

Worse 0 0 4 2 
Scapula 

Better 23 39 40 52 

Equal 44 26 18 10 

Worse | 0 Z 3 
Clavicle/acromion 

Better 42 39 of 64 

Equal 23 24 27 1 

Worse 0 Z 14 0 
C1-C2 

Better 34 47 Gi 70 

Equal 47 32 19 10 

Worse 0 2 1 { 
C3-C7 

Better 17 22 38 61 

Equal 60 55 25 6 

Worse 4 4 18 4 
Soft tissue 

Better 48 56 74 78 

Equal 33 25 6 3 

Worse 0 G 4 0 





Note.—Better = SER better than conventional radiography: equal = SER 
equal to conventional radiography; worse = SER worse than conventional 
radiography. 

* Difference not Statistically significant. 


TABLE 4: Ratings of Visibility of Anatomic Detail and image Quality by Individual Radiologists 
on Scan Equalization (SER) vs Conventional Radiographs 





No. (%) of Images by Radiologist No. 


SER Rating Ba i ca od eat ea 

2 ONE ce 
Better than conventional radiography 211 (42) 291 (58) 298 (59) 441 (88) 
Equal to conventional radiography 284 (57) 199 (40) 148 (30) 48 (10) 
Worse than conventional radiography 6 (1) 8 (2) 55 (11) 12 (2) 





364 WANDTKE AND PLEWES 


tion dosage to the patient for each examination was approx- 
imately equal. Detailed radiation measurements were made 
of phantoms before the study. It was found with SER that 
the film and screen system, which was about twice as fast 
as the conventional one, required only slightly more radiation 
in the thicker areas and slightly less in the thin areas. Meas- 
urement of individual patient radiation exposure was not 
performed during the study because the unpublished phan- 
tom studies had provided sufficient information that the radia- 
tion exposure would be lower for head and shoulder exami- 
nations and would be similar for SER cervical spine exami- 
nations. 

The amount of radiation to the patient may be slightly more 
or slightly less than in the conventional radiographic system. 
The important point is that, theoretically, with SER no radia- 
tion is wasted. Precisely the correct amount of radiation is 
always delivered because of the feedback system. There is 
never overexposure or underexposure. In our study, the SER 
system failed only a few times to provide optimal exposure. 
The limited radiation output in the experimental SER system 
could not provide sufficient output for the thickest body parts. 
Future SER systems should be designed to overcome this 
limitation. 

This study was intended as an analysis of the quality of 
anatomic detail of head, neck, and shoulder examinations and 
does not address the question of the impact on overall 
diagnostic accuracy. It is difficult to determine why the radi- 
ologists preferred one image over another, but their opinions 
were consistent. In view of the definite improvement in overall 
image quality, we think that the potential for improved diag- 
nostic accuracy will be similar to that observed in studies of 
chest radiography comparing SER with conventional imaging 
[7, 8]. 

It is anticipated that the fee charged for an SER examination 
will be similar to that of a conventional radiographic exami- 
nation. It is hoped that the increase in cost of commercial 
equalization radiographic systems will be small. This SER 
prototype was designed to examine patients in the erect 
position, but patients also need to be examined while supine. 
Presumably, commercial systems will have this feature. 

We anticipate that future clinical research with a careful, 
prospective study of hundreds of patients and normal sub- 
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jects will compare equalization bone radiography with digital 
radiography and other new imaging methods. After further 
Clinical testing, this theoretically ideal film radiography system 
may be the best alternative to expensive radiography. 
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Pictorial Essay 





Bacterial Osteomyelitis: Findings on Plain Radiography, CT, 


MR, and Scintigraphy 


Richard H. Gold,’ Randall A. Hawkins,’ and Robert D. Katz’ 


Early detection of osteomyelitis is essential if appropriate ther- 
apy is to be started before bone devitalization. Although the 
*°™T¢-methylene diphosphonate (MDP) bone scan may signify the 
possibility of osteomyelitis days or weeks before osseous 
changes are apparent on standard radiographs, the radiographic 
changes may provide important diagnostic clues. The °’Ga-citrate 
scan augments the diagnostic value of the °°"Tc-MDP scan, and 
the '''In-labeled WBC scan is useful for detecting abscesses. CT 
aids in the detection of sequestra, and MR imaging is useful in 
defining the extent of the inflammatory process and in distin- 
guishing osteomyelitis from cellulitis. In this article, we review 
and correlate the changes of bacterial osteomyelitis shown by 
these imaging methods. 


Advances in imaging patients with bacterial osteomyelitis 
have improved the prognosis of the disease. In this article, 
we review and correlate the changes of bacterial osteomyelitis 
shown by various methods of imaging. 


Plain Radiography 


Because the clinical course of acute hematogenous osteo- 
myelitis is rapid, early detection is essential if therapy is to be 
started before bone devitalization. Although changes on plain 
films occur relatively late in comparison with scintigraphic 
changes, plain radiography usually is the initial imaging ex- 
amination and may provide important clues, such as the 
appearance of periosteal new bone (Fig. 1) and widening of 
the joint (Fig. 2). In infants, sonography is useful in confirming 
the presence of excess joint fluid, that, if drained early, 
obviates vascular tamponade and resultant osteonecrosis of 
the epiphysis. In childhood, the vascular metaphysis is the 
usual site of infection. After infancy, the physis prevents the 
spread of infection to the epiphysis (Fig. 3). Should the space- 
occupying exudate increase the intramedullary pressure and 
strip the periosteum, vascular thrombosis is followed by bone 
necrosis and formation of sequestra. Should an entire seg- 
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ment of bone become sequestrated, a thick sheath of peri- 
osteal new bone, or involucrum, may surround it. The infection 





Fig. 1.—Anteroposterior radiographs show periosteal new bone: osteo- 
myelitis vs malignancy. 

A, Acute hematogenous staphylococcal osteomyelitis of humerus in a 
7-year-old boy. Destructive changes are present in metaphysis. When 
activated by benign stimuli such as pus, blood, or edema, the inner layer 
of displaced periosteum produces uninterrupted new bone of uniform 
density. 

B, Ewing sarcoma of humerus in 18-year-old man. Periosteal new bone 
stimulated by underlying malignancy tends to be interrupted and not 
uniform, and may exhibit multiple delicate longitudinal! layers or perpendic- 
ular spicules. The latter are reflected in fuzzy-appearing margins of mid 
shaft. Longitudinal layers (“onion skinning”) terminate in Codman triangles 
(arrows), which commonly occur in association with Ewing sarcoma, but 
are uncommon with benign disease. 
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Fig. 2.—Anteroposterior radiograph of hematogenous osteomyelitis of 
humerus in a 10-month-old girl. In infants and children, osteomyelitis near 
end of a bone may cause joint to fill with a sympathetic effusion or exudate, 
leading to an increase in articular interspace. This phenomenon is uncom- 
mon in more constrained joints of adults. In infancy, transphyseal blood 
vessels may transmit infection from metaphysis to epiphysis, with second- 
ary involvement of joint. A widened joint is obvious in this patient, as are 
destruction of humeral head and exuberant uniform periosteal new bone. 


may perforate the involucrum in the form of a cloaca, leading 
to soft-tissue abscesses and sinus tracts. Because sequestra 





A 


Fig. 3.—Tomograms show effect of physis as a barrier to spread of infection. 
A, Staphylococcal osteomyelitis of femur in a 12-year-old girl. Serpentine foci of osteolysis in metaphysis 
and diaphysis represent abscess cavities. Disappearance of transphyseal blood vessels after infancy has 


allowed physis to prevent spread of infection to epiphysis. 


B, Tuberculosis of the femur in a 7-year-old boy. As shown here, physis of older children is frequently 
breached by tuberculous infection. Alternatively, since metaphysis of hip joint is intracapsular, the infection 


might have spread to epiphysis by way of joint itself. 





are foci for continued infection, their detection and excision 
are essential. Tomography or CT may be required to detect 
small sequestra. Ring sequestra may complicate pin-tract 
infections (Fig. 4) [1]. 

The onset of subacute hematogenous osteomyelitis (Brodie 
abscess) is insidious, and systemic manifestations are mild or 
absent (Fig. 5) [2]. Chronic osteomylitis results when there is 
continuation of the inflammatory process over many years, 
which leads to sclerosis and deformity. 

Disorders associated with multifocal bacterial osteomyelitis 
include chronic granulomatous disease of childhood, immune 
deficiency disorders, sickle cell anemia and its variants (Fig. 
6), IV drug abuse (Fig. 7), diabetes mellitus, and subacute 
bacterial endocarditis. Other predisposing factors are long- 
term indwelling urinary or vascular catheters and immunosup- 
pressive therapy. 

In contrast to nontuberculous osteomyelitis of the spine, 
tuberculous osteomyelitis has a more insidious onset and 
progression, and produces greater destruction and anterior 
wedging of the vertebral bodies. Tuberculous infection pro- 
duces the larger soft-tissue (“cold”) abscess (Fig. 8A). Tuber- 
culosis of the spine may give rise to the aneurysmal syndrome 
(Fig. 8B) and calcific debris. Joint tuberculosis, unlike pyogenic 
infection, progresses very slowly, and is associated with the 
diagnostic triad of Phemister (Fig. 9). Tuberculosis in children 
tends toward multifocality and involvement of the short tu- 
bular bones (Fig. 10). 


CT and MR Imaging 


MR imaging is superior to CT for evaluating the extent of 





Fig. 4.—Radiograph shows ring se- 
questrum of pin-tract osteomyelitis com- 
plicating skeletal fixation of tibial frac- 
tures in a 25-year-old man. Diagnostic of 
a major pin-tract infection, necrotic ring 
of sclerotic bone (arrow) is separated 
from surrounding viable bone by exudate 
or granulation tissue. It is easily distin- 
guished from Clinically insignificant ther- 
mal osteonecrosis caused by high-speed 
drilling of a pinhole, which is character- 
ized by a broad zone of sclerosis around 
the pin tract, but not by a separated ring; 
nor should it be confused with fluffy re- 
parative bone in tract seen after pin re- 
moval. 





Fig. 5.—Brodie abscess in distal tibia of a 16-year-old girl. Oblique 
radiograph shows sharply marginated cavity. Sometimes cavity is sur- 
rounded by sclerosis. Soft-tissue swelling, while usually present, may be 
absent. Sequestra are uncommon and periosteal new bone inconspicuous 
(arrow). Abscess is characteristically found in lower tibial metaphysis in 
children and adolescents, and metaphysis or diaphysis of femur or tibia in 
adults. Staphylococcus aureus is the usual cause. 


infection. CT is superior to MR imaging for detection of 
sequestra (Fig. 11) and cloacae and can also depict intraos- 
seous gas, an infrequent but reliable sign of osteomyelitis. 
However, in a collapsed vertebral body, a linear streak of gas 
merely signifies an intraosseous vacuum resulting from post- 
traumatic osteonecrosis (Kummell disease). MR imaging aids 
in planning surgery by delineating sinus tracts and soft-tissue 
abscesses, by differentiating osteomyelitis from cellulitis, and 
by disclosing the extent of intramedullary involvement. MR is 
particularly helpful in the evaluation of the diabetic foot (Fig. 
12) [3]. MR should be used only when it might provide 
information unavailable from less expensive imaging methods 
and when the results might affect management significantly. 
For evaluation of osteomyelitis, MR is as specific as or more 
specific and more sensitive than the three-phase °°" Tc-meth- 
ylene diphosphonate (MDP) bone scan (Fig. 13). The specific- 
ity of MR is increased by plain radiographic correlation and 
by obtaining both T1- and T2-weighted images. The edema 
and exudate of active infection have a low-intensity signal on 
T1-weighted images and a high-intensity signal on T2- 
weighted images. 


Scintigraphy 


Radionuclide studies useful in examining patients with sus- 
pected osteomyelitis include the °°"Tc-MDP scan, '"'In-la- 
beled WBC scan, and °’Ga-citrate scan [4]. The °°" Tc-MDP 
bone scan may signify the possibility of osteomyelitis days or 
weeks before osseous changes are apparent on standard 
radiographs. °°"Tc-MDP bone scans are sensitive indicators 
of altered osteoblastic activity, but local disturbances in vas- 
cular perfusion, clearance rate, permeability, and chemical 
binding also affect imaging. On standard °°"Tc-MDP scans it 
sometimes may be difficult to differentiate soft-tissue uptake 
from bone uptake in patients with known cellulitis and possible 
underlying osteomyelitis. To address this problem, the three- 
phase °°"Tc-MDP scan was developed, consisting of dynamic 





Fig. 6.—Anteroposterior radiograph shows changes of salmonella! os- 
teomyelitis in tibias of a 3-year-old girl with sickle cell anemia. Suscepti- 
bility to hematogenous osteomyelitis is increased manyfold in patients 
with sickle cell anemia and related disorders. Approximately 50% of cases 
are caused by Salmonella. Osteomyelitis may occur within a region that 
has been previously devitalized by infarction. As in this case, multiple 
bones are frequently affected and lesions may be bilaterally symmetric. 
Thick and occasionally layered periosteal new bone (arrows) and longitu- 
dinal intracortical fissures may parallel extent of lesion. These findings, 
however, are not specific for osteomyelitis, and may accompany infarction 
alone. 





Fig. 7.—Pseudomonas infection of left sternoclavicular joint in a 30- 
year-old male heroin addict. Anteroposterior tomogram shows erosions 
and joint widening. An increased frequency of infection in IV drug abusers 
results from hematogenous spread from contaminated hypodermic 
needles. Spine, sacroiliac joint, sternoclavicular joint, and symphysis pubis, 
sites most commonly involved in order of decreasing prevalence, represent 
the four S’s of osteomyelitis associated with IV drug abuse. In some series, 
Gram-negative organisms such as Pseudomonas and Klebsiella have pre- 
dominated, while in others Staphylococcus aureus has been the organism 
most frequently cultured. 


“flow” or “angiogram” images, blood-pool images, and 2- to 
5-hr delayed images (Fig. 13). Cellulitis is characterized by an 
initially high soft-tissue uptake in the flow phase, and pro- 
gressively lower uptake compared with bone uptake in later 
phases. In contradistinction, osteomyelitis gives rise to pro- 
gressively increasing bone uptake over the course of the 
study. The combination of cellulitis and osteomyelitis pro- 
duces increased bone and soft-tissue uptake in all three 
phases. The °°"Tc-MDP scan is not specific for osteomyelitis, 
and in the appropriate clinical setting may suggest but cannot 
conclusively establish the diagnosis. A fourth phase (imaging 
24 hr after infection) may be useful in patients with equivocal 
results at the end of three phases, as osteomyelitis usually 
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provokes further increase in activity. Single-photon emission 
CT bone scans provide additional anatomic information. 
Although the overall sensitivity of the °°°Tc-MDP scan for 
active osteomyelitis is high (approximately 95%), false-nega- 
tive diagnoses may occur, particularly in neonates. Both the 
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Fig. 8.—Tuberculosis of spine. 

A, CT scan shows erosion of right ilium by a 
cold iliopsoas abscess that extended from spine 
to pelvis. Patient was a 23-year-old man with a 
7-month history of pain and weakness of right 
lower limb. 

B, Lateral radiograph of lumbar spine in a 45- 
year-old man shows aneurysmal syndrome due 
to tuberculosis. Although narrowing of interver- 
tebral disk usually is earliest radiographic fea- 
ture of both nontuberculous and tuberculous os- 
teomyelitis, scalloping of anterior (and some- 
times lateral) margin (arrows) of vertebral bodies 
(aneurysmal syndrome) is associated only with 
tuberculous infection. Aneurysmal syndrome is 
so-called because concavities simulate those 
caused by transmitted pulsations of an aortic 
aneurysm. Scalloped vertebrae lie within an ab- 
scess Cavity. 


Fig. 9.—Anteroposterior radiograph of tuber- 
culosis of the knee in a 46-year-old man. Tending 
to have a more insidious onset than nontuber- 
culous septic arthritis, tuberculous arthritis is 
also associated with profound osteoporosis, 
marginal erosions, and long-standing preserva- 
tion of contacting articular cartilage, the diag- 
nostic triad of Phemister. Rarefactions in sub- 
chondral bone of tibia reflect undermining by 
tuberculous pannus. 


Fig. 10.—Radiograph of tuberculous dactylitis 
in a 1-year-old boy. In children, tuberculosis has 
a tendency toward multifocality and involvement 
of short tubular bones. Lesion of tuberculous 
dactylitis, unlike tuberculosis of long bones, 
tends not to invade adjacent joints. In proximal 
phalanx of index finger, shown here, slow elab- 
oration of periosteal new bone that accompanied 
gradual resorption of inner surface of cortex led 
to a typically expanded fusiform appearance 
called spina ventosa (literally, a wind-filled pro- 
jection, such as a finger). 


Fig. 11.—Chronic osteomyelitis with seques- 
trum of proximal tibia. Six years earlier, this 30- 
year-old man had a fracture of distal tibia that 
became infected after fixation with an intramed- 
ullary rod. Rod was subsequently removed. Cur- 
rent radiographs disclosed sclerotic reactive 
bone outlining track of former rod. Correspond- 
ing *°"Tc-MDP bone scan revealed striking in- 
crease in activity in proximal tibia. 

A, CT scan of proximal tibia shows rod track 
surrounded by a thick, sclerotic rim and contain- 
ing a central sequestrum. Adjacent marrow ap- 
pears normal. 

B, Axial MR image (SE 1500/56) shows a 
bright, high-intensity abscess in rod track, with 
a central low-intensity sequestrum and a rim of 
low-intensity sclerotic bone. These findings, to- 
gether with absence of high signal intensity in 
adjacent marrow and soft tissues, imply that 
active infection is present only in rod track. 


'"'In-labeled WBC scan and the °’Ga scan are useful adjuncts, 
and while usually no more sensitive than the combination of 
*°"Tc-MDP bone scans and plain radiographs in detecting 
osteomyelitis, they are more specific (Figs. 14 and 15). The 
''In-WBC scan, although positive in some noninfected frac- 





Fig. 12.—Differential diagnosis in this 84-year-old diabetic woman includes neuropathic osteoarthropathy, cellulitis, pyarthrosis, and osteomyelitis. 

A, Anteroposterior radiograph of foot shows striking osteoporosis and possible erosion of medial margin of head of second metatarsal. Results of 
three-phase *°"Tc-MDP bone scan were equivocal. 

B and C, T1-weighted (SE 500/28, B) and T2-weighted (SE 1500/56, C) coronal MR images show normal signal intensity in bones and joints adjacent 
to clinically suspicious areas, thereby excluding osteomyelitis and pyarthrosis. Neuropathic osteoarthropathy is also unlikely in absence of joint effusions. 
Soft tissues medial to first metatarsophalangeal joint (arrows) have decreased signal intensity on T1-weighted image and increased intensity on T2- 
weighted image, consistent with cellulitis. 









e i 
Fa PAE 


yay * d TAN pere 
at Seine DIS 


PARE HS | 
5, aes 
$ AEn 
eke 
BRR 
Poe i) eile 
agg ae 
Ra A 
mr rie “Zz 
"Y 4G v 







= E 
Utes ’ 


a 





o 
Es l 





; k.. a 1 
D E 


Fig. 13.—Acute hematogenous osteomyelitis of lumbar spine in a 59-year-old man, proved by biopsy. Comparison of imaging techniques. 

A, Lateral radiograph shows narrowing of L3-L4 disk, osteolytic foci next to endplates, and erosion of superior endplate of L4 (arrow). 

B and C, Three-phase °°"Tc-MDP bone scan shows a corresponding gradual increase in activity in dynamic flow phase (B), which becomes even more 
intense on 5-hr postinjection image (C). 

D, PET scan in coronal plane, performed as part of an investigational study approved by the Human Subjects Protection Committee, shows a 
corresponding mild increase in activity (arrow) due to a focus of leukocytes preferentially metabolizing glucose from |V-infused FDG. 

E, T1-weighted sagittal MR image (SE 500/28) shows relatively high-intensity fatty marrow has been replaced by edema of intermediate intensity in 
bodies of L4 and L5, and adjacent endplates have undergone central destruction. 

F, T2-weighted sagittal image (SE 2000/84) shows involved vertebrae have a high-intensity signal. An even more intense focus centered at intervertebral 
disk represents an abscess. 


370 GOLD ET AL. 


AJR:157, August 1991 





Fig. 14.—Usefulness of sequential °*"Tc-MDP and °’Ga scans in evaluating suspected chronic 
osteomyelitis. Eleven years earlier, a 34-year-old man had a fracture of the right femur that was 
stabilized with an intramedullary rod. One year later, fracture healed and rod was removed. Since 
then, he had had intermittent thigh discomfort that had increased during the past 6 months. New 
radiographs disclosed diffuse cortical thickening and mottled sclerosis of middle third of 


femur. 


Fig. 15.—Abscess, complicating total hip ar- 
throplasty, shown by '''In-WBC scan. Fever and 
thigh pain developed 10 years after surgery in a 
62-year-old man. Aspiration of joint yielded Staph- 
ylococcus aureus. '''In-WBC scan shows an in- 
tense focus of activity (arrow) in abscess. 


A, A *™Tc-MDP four-phase scan shows progressively increasing bone and soft-tissue activity 
throughout flow, blood-pool, and 4-hr phases, culminating in strikingly increased activity in femoral 


shaft on this 24-hr delayed image. 


B, Additional evidence of chronic osteomyelitis, as well as a soft-tissue abscess, is provided by 
a Ga scan showing focus of intense activity extending from medial soft tissues (arrow) to femur. 


tures, still tends to be preferred over the °’Ga scan because 
of its greater specificity for infection. The sensitivity of the 
""'In-WBC scan is greater for acute than for chronic infection, 
whereas the °’Ga scan is equally sensitive for both. 

Positron emission tomography (PET) produces images of 
the skeletal system by using |V-infused fluorine-18, which, 
like °°"Tc-MDP, is taken up by bone in proportion to osteo- 
blastic activity and local vascular and physical factors. Al- 
though the PET bone scan is anatomically and quantitatively 
more precise than the MDP scan, it is not more specific for 
osteomyelitis. Because neoplasms tend to metabolize glu- 
cose to a greater extent than do inflammatory processes, the 
added use of 2-['°F]-fluoro-2-deoxy-p-glucose (FDG) in- 


creases the specificity of PET. Osteomyelitis nevertheless 
may yield an abnormal finding on PET body scans (Fig. 13). 
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Synthetic vs Human Surfactants in 
the Treatment of Respiratory 
Distress Syndrome: Radiographic 
Findings 





Exosurf, a synthetic surfactant, was instilled endotracheally in 49 neonates as treat- 
ment for respiratory distress syndrome. The radiologic courses of these neonates were 
compared with the courses of 18 neonates previously treated with human surfactant 
and of 18 untreated neonates. The radiologic severity of respiratory distress syndrome 
decreased significantly in neonates treated with Exosurf compared with that in untreated 
neonates. Radiologic improvement in those treated with Exosurf was slightly delayed 
when compared with the improvement of age-matched neonates treated with human 
surfactant. Otherwise no significant difference was noted between Exosurf and human 
surfactant in radiologic severity of respiratory distress syndrome or in the prevalence 
of pulmonary interstitial emphysema, pneumothorax, and bronchopulmonary dysplasia. 

These findings support the thesis that artificial surfactant is an acceptabie substitute 
for surfactants of biological origin, with possible benefits of safety and ease of use. 
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The endotracheal application of exogenous surfactants is variably effective in 
treating respiratory distress syndrome (RDS) in preterm neonates [1-4]. Exosurf 
Neonatal (Burroughs Wellcome, Research Triangle Park, NC) is a synthetic surfac- 
tant that has recently been approved by the United States Food and Drug 
Administration. Because it is a synthetic preparation, the difficulties in purifying and 
standardizing lipid mixtures extracted from biological materials are avoided. The 
potential risks of immunologic reactions and infectious agents that are possible 
with lung extracts and human and animal proteins are avoided also [5, 6]. 

The chest radiograph is useful and reliable in assessing the severity of RDS [7- 
9] and in evaluating the changes in RDS associated with treatment with human 
[10] and bovine [11-13] surfactants. We previously compared findings on chest 
radiographs of neonates with RDS who were treated with human surfactant with 
findings on radiographs of similar neonates treated with placebo [10]. We undertook 
the present study to evaluate the hypothesis that neonates treated with synthetic 
surfactant exhibit radiologic changes similar to those reported for neonates treated 
with human surfactant. 


Materiais and Methods 


The patients treated with Exosurf were consecutive preterm neonates (gestational age, 
25-36 weeks) born between October 6, 1989, and August 7, 1990, in whom RDS was 
diagnosed on the basis of clinical criteria (respiratory distress and respiratory failure requiring 
ventilatory assistance with an a/Aoz ratio < 0.22 2-24 hr after birth—the a/Ao» ratio is a 
unitless ratio defined as the arterial carbon dioxide partial pressure divided by the dry fraction 
of inspiratory oxygen minus the arterial carbon dioxide partial pressure: Pacos/|Fio2 (760 — 
47) ~ Paco2]) and for whom parental informed consent was available. Of these 51 patients, 
the radiographs of one were lost, and one had no films exposed after surfactant administration, 
these two patients were excluded. 
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Exosurf Neonatal is a 13.5:1.5:1.0 mixture of dipalmitoyl-phospha- 
tidyicholine, hexadecanol, and tyloxapol. For treatment, the surfactant 
was reconstituted with 8 ml of distilled water and administered 
endotracheally in a dose of 5 mg/kg body weight (54 mg/kg of 
dipaimitoyl-phosphatidyicholine). In order to promote uniform distri- 
bution, half the dose was given with the patient turned 45° to the left 
and half with the patient similarly turned to the right. A second dose 
was given 12 hr after the first dose. 

The initial chest radiographs were a supine anteroposterior and 
horizontal-beam lateral view collimated from the chin to the umbilicus; 
subsequent films were anteroposterior only, collimated to the chest. 
Fim was TML 1 (Kodak, Rochester, NY) with a Lanex fine screen 
(Kodak) with film factors that varied with the patient's size (approxi- 
mately 2 mAs at 55 kVp). A 102-cm focus-film distance on a mobile 
machine (General Electric, Waukesha, WI) was used, with exposure 
timed to the end-inspiration phase of the ventilator or during quiet 
breathing for patients not receiving assisted ventilation. Films were 
exposed only as clinically indicated. 

All chest radiographs for each patient were evaluated retrospec- 
tively by one of the authors and by a pediatric radiologist working 
concurrently without knowledge of the time of surfactant administra- 
tion. Films were scored for the severity of RDS by using a previously 
described method [10] that assigns higher scores for more severe 
RDS (Table 1). Films were also examined for evidence of air leaks. 

After the radiographs were evaluated, the times of surfactant 
administration were determined from the medical record. Films were 
divided into 0-5.9 hr, 6-11.9 hr, 12~-23.9 hr, and 24-48 hr after- 
treatment groups, and radiologic severity scores were statistically 
analyzed by using films exposed during these periods after surfactant 
administration. If more than one film was taken during a given period, 
the average time and score were treated as a single datum. 

Comparison was made with 18 neonates treated with human 
surfactant and with 18 neonates treated with randomized placebo 
(air) reported previously [10]. These neonates were generally similar 
to those treated with Exosurf, except for gestational age (<30 
weeks), a more stringent clinical definition of RDS (a/Aoz < 0.15), 
and exclusion of neonates with suspected sepsis. Because the 
previous study included only neonates of less than 30 weeks’ ges- 
tation, the Exosurf-treated neonates were considered both as a total 
group (49 neonates) and as a subgroup of less than 30 weeks’ 
gestation (29 neonates). 

The final radiographs of 11 Exosurf patients who were radio- 
graphed when 28 days old or older were examined for changes 
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suggesting bronchopulmonary dysplasia [14], and these results were 
compared with the prevalence of bronchopulmonary dysplasia in the 
previous study. 

Statistical methods included Student's t test and chi-square test. 


Results 


Exosurf-treated neonates were significantly older and larger 
than the neonates treated with human surfactant and the 
untreated neonates were [10]. The Exosurf-treated neonates 
of less than 30 weeks’ gestation were not significantly differ- 
ent from these patients. Characteristics of the patients in 
these groups are shown in Table 2. 

The scores of the severity of RDS on radiographs for these 
groups are presented in Figure 1; note that the time scale 
begins at birth, whereas the statistical analyses of severity 
scores were performed with respect to time since surfactant 
administration. At no time were the scores of the groups 
treated with Exosurf and human surfactant significantly dif- 
ferent, and both showed significant improvement (p < .025) 
after surfactant treatment compared with untreated neonates. 
However, the neonates of less than 30 weeks’ gestation 
treated with Exosurf took slightly longer to respond to surfac- 
tant than did the group treated with human surfactant. Com- 
pared with improvement in the untreated group, the improve- 
ment in Exosurf-treated neonates of less than 30 weeks’ 
gestation did not become statistically significant until 6.0- 
11.9 hr after treatment (p < .005), whereas those treated 
with human surfactant showed significant improvement by 
5.9 hr after treatment (p < .025). 

Air leaks developed in nine (18%) of the Exosurf-treated 
neonates; all nine had pulmonary interstitial emphysema, and 
two had pneumothorax also. Of the 29 neonates of less than 
30 weeks’ gestation, air leaks developed in seven (24%), 
which was not significantly different by chi-square test from 
patients treated with human surfactant (11%) or untreated 
contro! subjects (44%). 

Among ail neonates radiographed by approximately 28 
days after birth, changes suggesting bronchopulmonary dys- 
plasia were seen in all groups (Table 2). These did not differ 


TABLE 1: Radiographic Scoring System for the Severity of Respiratory Distress Syndrome 


Cardiac and 
Score Granularity Air Bronchograms Diaphragmatic Aeration 
Silhouettes 
1 Faint, requiring close None beyond center Sharp Normal 
observation to de- of chest 
tect 
2 Easily seen Faint at the bases Sharp Normal 
3 Prominent; light and Obvious Slightly fuzzy Normal to 
dark areas of lung slightly de- 
approximately creased 
equal 
4 Marked; lungs sub- Marked Indistinct Decreased 
stantially more 
light than dark 
5 Lungs essentially Sharp and distinct indiscernible impossible to 
opaque or absent assess 


SSAA LN I a TAD EI PCRS ST A A RB EA a OR A aN mT 
Note.-Reproduced with permission from Edwards et al. [10]. 
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TABLE 2: Characteristics of Exosurf Neonatal-Treated, Human 
Surfactant-Treated, and Untreated Neonates 





Exosurt- Treated 


Human 
: Surfactant- Untreated 
Total sao weeks Treated (n = 18) 
(n a 49) (n = 29) {n = 18) 
Mean birth weight (g) 1481 1071 1029 1074 
Mean gestational age 29.7 27.7 27.7 28.5 
(weeks) 
Male/female ratio 27/22 17/12 9/9 10/8 
Mean age at first 7.7 6.0 6.1 — 
treatment (hr) 
Number died 9 8 0 4 
Number with air leaks 9 7 2 8 
Number radiographed 11 11 12 12 
228 days after 
birth 
Abnormalities sug- 9 9 6 9 
gesting BPD 
Radiologically mild 4 4 4 3 
BPD 
Radiologically mod- 3 3 2 2 
erate BPD 
Radiologically se- 2 2 0 4 
vere BPD 
Radiologically nor- 2 2 6 2 
mail chest 





Note.—BPD = bronchopulmonary dysplasia. 


significantly between groups in either prevalence or radiologic 
severity. Bronchopulmonary dysplasia did not develop in any 
of the 20 Exosurf-treated neonates of more than 30 weeks’ 
gestation. 

Causes of death in the Exosurf-treated neonates were 
sepsis (three cases), disseminated intravascular coagulopathy 
(one), exsanguination after central venous catheter placement 
at the referring institution (one), respiratory failure (two), and 


t ist Dose of Surfactant 


Radiologic Severity 


a Control 

è Human Surfactant 

a Exosurf Neonatal 

o Exosurf Neonatal <30 weeks gestational age 





0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 


Patient Age (hours) 


Fig. 1.—Scores of the radiologic severity of respiratory distress syn- 
drome (RDS) in neonates treated with Exosurf Neonatal, human surfactant, 
and placebo. Higher scores reflect radiologically more severe RDS. Arrows 
indicate average times of surfactant administration. Bars indicate standard 
error of mean. 
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intraventricular hemorrhage (two). None of these deaths were 
attributed to surfactant administration. 


Discussion 


Radiologic improvement of neonates with RDS after admin- 
istration of human and bovine surfactant has been weil doc- 
umented in the literature [10-13]. Similar improvement occurs 
with Exosurf, which is a completely synthetic surfactant. The 
slight lag (approximately 6 hr) in response to Exosurf seen in 
neonates of less than 30 weeks’ gestation is consistent with 
findings showing that Exosurf has physiochemical properties 
that approach but do not equal those of purified natural lung 
surfactant [6]. This lag time could be clinically important if 
pulmonary interstitial emphysema or other complications that 
would increase morbidity or mortality rates developed during 
this time. 

The lack of difference in radiologic severity between the 
entire Exosurf-treated group and patients treated with human 
surfactant may be related to the fact that some of the more 
mature Exosurf-treated patients may have had relatively mild 
RDS; the criterion for Exosurf therapy (a/Ao2 < 0.22) was 
less stringent than the one for human surfactant therapy (a/ 
AO: < 0.15). Neonates with relatively mature lungs would be 
expected to improve more rapidly than less mature neonates, 
regardiess of treatment. This speculation is supported by the 
fact that bronchopulmonary dysplasia, which is generally con- 
sidered to be a multifactorial complication of oxygen and 
ventilator therapy, did not develop in any of the more mature 
Exosurf-treated patients. 

Number of deaths among the Exosurf-treated population 
(nine) were not significantly different from the number of 
deaths in the human surfactant—treated (zero) and untreated 
(four) populations, probably in part because of the small 
numbers of patients studied. A contributing reason may nave 
been that the human surfactant study excluded neonates with 
signs of sepsis, whereas the Exosurf study did not; three of 
the Exosurf-treated neonates died of sepsis. 

A major source of morbidity and mortality in neonates with 
RDS is intracranial hemorrhage. The prevalence of this dis- 
order in our patients was not examined in this study because 
it appears well established in many trials that the administra- 
tion of surfactant does not influence its prevalence [15]. 

In three patients treated with human surfactant, a transient 
interstitial lung disease developed [10]; this was not observed 
after administration of Exosurf, nor were findings suggestive 
of asymmetric surfactant deposition. 

The validity of comparing Exosurf-treated patients with 
neonates treated 5 years earlier may be questioned. However, 
other than the composition of the exogenous surfactant, no 
major changes in the treatment of neonates with RDS have 
taken place in our nursery. Also, the pediatric principal inves- 
tigator and the primary pediatric radiologist were the same in 
both studies. 

Our results suggest that Exosurf, by radiologic criteria, is 
nearly as effective as human surfactant in ameliorating RDS. 
The availability, ease of preparation, and minimal expected 
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harmful side effects from immunologic and infectious agents 
make Exosurf a potentially valuable therapeutic aid in the 
treatment of RDS. 
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CT of the Pancreas in Children 


Thomas E. Herman’ and Marilyn J. Siegel 


CT has become a frequently used imaging method for evalu- 
ating suspected pancreatic disease in children. Although the 
spectrum of CT findings in pancreatic disease is well documented 
in adults, there is a paucity of such information in children. 
Familiarity with CT patterns of pancreatic disease in childhood is 
important for diagnosis. In this essay, we illustrate the CT findings 
of pancreatic lesions in children. 


Developmental Anomalies 


Anomalies of pancreatic development include short pan- 
creas, pancreas divisum, and anular pancreas. Congenitally 
short pancreas is believed to be due to agenesis of the dorsal 
pancreas. On CT, only the head of the pancreas is visible; the 
neck, body, and tail are absent. The pancreas that develops 
has a globular configuration (Fig. 1). In pancreas divisum, 
separate dorsal and ventral pancreatic moieties may be de- 
fined with thin-section CT. In anular pancreas, CT shows 
apparent thickening of the second portion of the duodenum 
caused by the surrounding pancreatic head (Fig. 2). 


Hereditary Diseases 


Cystic fibrosis is an autosomal-recessive condition, and 
85% of patients have exocrine pancreatic insufficiency. On 
CT, the pancreas is usually small, with an attenuation value 
equal to that of fat, reflecting postobstructive necrosis, fibro- 
sis, and fatty infiltration (Fig. 3). Fibrosis without fatty infiltra- 
tion is less common. Other findings include single or multiple 
large cysts, referred to as pancreatic cystosis (Fig. 4); paren- 
chymal calcifications (Fig. 5); and ductal dilatation [1]. 
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schwachman syndrome is an autosomal-recessive condi- 
tion characterized by exocrine pancreatic insufficiency, neu- 
tropenia, bone marrow dysfunction, and metaphyseal chon- 
droplasia. Affected patients have failure to thrive, diarrhea, 
and steatorrhea. The pancreas is replaced by fat (Fig. 6) and 
initially enlarged; later it tends to be normal in size or small. 

Hereditary pancreatitis is an autosomal-dominant disease 
with a penetrance of 40-80%. This disorder is characterized 
by recurrent attacks of acute pancreatitis. The most striking 
CT manifestations are ductal dilatation, averaging 1.8 cm, 
and large, round calcifications located in the main pancreatic 
duct (Figs. 7 and 8). Pancreatic atrophy is usually present. 
Complications include pancreatitis, pseudocysts, and adeno- 
carcinoma. 

Von Hippel—Lindau disease is an autosomal-dominant dis- 
ease characterized by retinal angiomatosis, cerebellar heman- 
gioblastoma, and cysts in various organs. Pancreatic cysts 
are either simple cysts or mucinous cystadenomas. They tend 
to be multiple and involve the pancreatic body and tail (Fig. 
9). Large cysts may lead to obstruction of the common bile 
duct. Rarely, calcifications occur. 


Trauma 


The spectrum of CT findings in pancreatic injuries includes 
pancreatitis, laceration, and transection [2]. The CT changes 
of pancreatitis include focal or diffuse gland enlargement, 
contour irregularity, and irregular areas of decreased density. 
Pancreatitis usually undergoes complete resolution, but pseu- 
docysts are occasional complications. 


’ Both authors: Mallinckrodt Institute of Radiology, Washington University Schoo! of Medicine, 510 S. Kingshighway Blvd., St. Louis, MO 63110. Address reprint 


requesis to T. E. Herman, 
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Fig. 7.—One of two siblings with hereditary 
pancreatitis. CT scan in an 8-year-old boy shows 
a tortuous, dilated main pancreatic duct (arrow- 
heads). 


Fig. 10.—Pancreatic laceration. CT scan shows 
a laceration of pancreas just to left of midline 
(white arrow). Fluid is noted in peripancreatic soft 
tissues anteriorly (arrowheads). Also present was 
a small hepatic laceration (black arrow) and bilat- 
eral perinephric hematomas. 


Fig. 11.—Pancreatic laceration. CT scan in a 3- 
year-old boy shows a normal pancreatic head (H) 
and body (B), but pancreatic tail is not seen on 
this or adjacent levels because it is avulsed and 
macerated. Note also nonfunctioning left kidney 
(arrows) and fluid (f) in lesser sac. Pancreatic 
fracture and avulsion of left renal pedicle were 
confirmed at surgery. 





Fig. 12.—Acute pancreatitis. Enhanced CT 
scan shows a swollen pancreas (arrows) with 
blurred irregular outlines and fluid in immediate 
peripancreatic space. K = kidney. 


CT OF PEDIATRIC PANCREAS 


Fig. 8.—Hereditary pancreatitis. Unenhanced 
CT scan shows an atrophic gland and extensive 
calcifications (arrowheads). 


Fig. 13.—Pseudocyst. CT scan in an 11-year- 
old boy with acute pancreatitis shows large, well- 
defined fluid collection with heterogeneous con- 
tents in pancreatic tail. At surgery, pseudocyst 
contained hemorrhagic fluid. 
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Fig. 9.—Von Hippel-Lindau syndrome in a 14- 
year-old boy. CT scan shows a well-defined cyst 
(arrow) within pancreatic body. 





Fig. 14.—Chronic pancreatitis in an 8-year- 
old boy with hypercalcemia due to renal failure. 
CT scan shows atrophic calcified pancreas (ar- 
rows). 
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A B 


Fig. 15.—Pancreaticoblastoma in a 2-year-old girl. 


A and B, Enhanced CT scans show a large necrotic mass with a low-density center in tail of 
pancreas (arrowheads). Hepatic metastases (arrows) are present. (Courtesy of C. Glasier, Little 


Rock, AR.) 





Fig. 17.—Vasoactive intestinal peptide-secret- 
ing tumor of pancreas. Enhanced CT scan shows 
a soft-tissue mass in pancreatic head (arrows) 
and several fluid-filled bowel loops. Vasoactive 
intestinal peptide-secreting tumor in pancreatic 
head was identified at surgery. 


Pancreatic lacerations appear as irregular clefts of de- 
creased attenuation in an anteroposterior plane. Complete 
transection is rare. Most pancreatic injuries occur at the 
junction of the tail and the body, just to the left of midline 
(Figs. 10 and 11). Occasionally, the fracture plane is difficult 
to recognize on CT because it is obscured by hemorrhage or 
artifacts from air or air and fluid within bowel. However, the 
presence of focal or generalized pancreatic enlargement and 
peripancreatic fluid collections and a failure to visualize a 
portion of the gland should suggest the diagnosis of pan- 
creatic laceration. 





Fig. 16.—Papillary epithelial cystic tumor of 
pancreas in a 14-year-old girl. CT scan shows 
large, thick-walled, cystic mass with papillary ex- 
cresences (arrows) in pancreatic tail. (Reprinted 
with permission from Osborn [5]). 





Fig. 18.—Inactive islet cell tumor in a 15-year-old girl with a clinical history of pancreatitis. 

A, CT scan shows an irregular inhomogeneous pancreas with focal enlargement of pancreatic 
head (arrows). Also present is paraaortic and retrocaval adenopathy. 

B, CT scan at a higher level shows a hepatic metastasis (arrow). Islet cell tumor in pancreatic 
head was found at surgery. Pancreatitis was due to obstruction of main pancreatic duct. 


Pancreatitis 

Acute pancreatitis in childhood may be the result of drugs 
(steroids, L-asparaginase, acetaminophen, valproic acid, and 
sulfasalazine), viral infections (mumps, coxsackievirus), ob- 
struction at the ampulla of Vater, ascariasis, hyperparathy- 
roidism, hyperlipidemia, Schonlein-Henoch purpura, and cys- 
tic fibrosis as well as accidental and nonaccidental trauma. 
The CT findings are an enlarged edematous gland with poorly 
defined margins and inflammatory changes in peripancreatic 
fat and soft tissue (Fig. 12) [3]. Pseudocysts occur in up to 
10% of cases of acute pancreatitis (Fig. 13). 
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Pseudocysts typically appear as round or oval fluid collec- 
tions with thick, well-defined capsules. The contents of a 
pseudocyst are usually homogeneous and have an attenua- 
tion value close to that of water, but they may be heteroge- 
neous or of increased density if infection or hemorrhage is 
present. Mature pseudocysts are relatively permanent in na- 
ture and change little in shape or location, in contrast to acute 
peripancreatic or pancreatic fluid collections, which are tran- 
sient, poorly encapsulated, and variable in size and shape [3]. 

Chronic pancreatitis is rare in childhood and usually is the 
result of hereditary pancreatitis; other less frequent causes 
include steroid therapy, hyperparathyroidism, cystic fibrosis, 
and possibly pancreatic divisum. It has been suggested that 
in pancreatic divisum, the separate dorsal and distal pan- 
creatic ducts are too smail to transmit the volume of pan- 
creatic secretions that must pass through them, producing a 
relative stenosis at the ampulla. The stasis of pancreatic juices 
predisposes to pancreatitis. CT manifestations include calci- 
fication, gland atrophy, and ductal dilatation (Fig. 14). 


Pancreatic Tumors 


Pancreatic tumors in childhood are usually of epithelial or 
islet cell origin and rarely of mesenchymal origin [4]. Pancrea- 
ticoblastoma is a rare epithelial tumor, occurring in children 
under 7 years of age. It tends to be encapsulated, large 
(average diameter of 10 cm), and located in the pancreatic 
head. On CT, the tumor usually appears as a focal mass of 
homogeneous soft-tissue density. Secondary signs include a 
dilated pancreatic duct, hepatic and lymph node metastases, 
and vascular encasement (Fig. 15). 
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Papillary cystic tumor is a lesion of young women (mean 
age, 26 years), with one third of cases occurring in adolescent 
girls. It has low potential for malignancy, is well encapsulated, 
and may be located in any part of the pancreas, but tends to 
occur most often within the tail. On CT, this neoplasm appears 
as a large (mean, 11.5 cm), well-defined, thick-walled cystic 
mass containing papillary projections and occasionally septa 
(Fig. 16). Its density ranges between 30 and 40 H. 

Islet cell tumors are divided into those that are hormonally 
active and those that are inactive. The majority are functioning 
and include insulinomas, gastrinomas, vasoactive intestinal 
peptide-—secreting tumors, glucagonomas, and somatostati- 
nomas. These tumors are small, usually less than 2 cm in 
diameter (Fig. 17). The majority of functioning islet cell tumors 
are hyperdense relative to normal pancreas on contrast- 
enhanced CT performed with a bolus injection. CT may show 
metastatic lymphadenopathy and hepatic metastases even 
when the primary tumor is not detectable. inactive islet ceil 
tumors are usually large at the time of diagnosis, ranging from 
3 to 20 cm in diameter. On CT, they appear as nonuniformly 
enhancing masses with hyperdense areas (Fig. 18). Approxi- 
mately 20% contain calcifications. 
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RSNA Today, Vol. 4, No. 4. Oak Brook, IL: The Radiological Society of North America, 1990. $55; by subscription, 
6 issues annually at $185 for RSNA members and $225 for nonmembers (VHS videotape) 


This educational tape is moderated by William J. Casarella. It 
consists of three sections of interest to both general radiologists and 
radiologists involved in subspecialties appropriate to the individual 
topics discussed. 

The first section, “Cervical Spine Trauma,” is presented by Thomas 
H. Berquist. A series of 2500 patients is reviewed, and details of the 
results are presented concerning the mechanisms of injury to the 
cervical spine, the radiologic evaluation of these types of cases, and 
the role of the radiologist in the workup and follow-up care of these 
patients. Using clearly understandable charts and case presentations, 
Dr. Berquist presents the complex topic of radiologic evaluation of 
the cervical spine in a logical sequence, beginning with a discussion 
of the various mechanisms of injury (e.g., flexion, extension, rotation), 
the various types of imaging necessary to arrive at the proper 
diagnosis (e.g., plain film radiography, tomography, CT, and MR), 
and the role the radiologist plays in this process, Of special interest 
to anyone responsible for interpretation of radiographs of trauma 
patients is a clear discussion of the three-column approach to the 
lateral film of the cervical spine and its relationship to instability and 
a discussion of the selection of the most advantageous filming 
technique in each individual case. 

The second section, “US of the Neonatal Head,” is presented by 
Thomas L. Slovis. The first part of the presentation deals with full- 
term infants. Various indications for the examination are discussed 
(e.g., congenital anomalies, tumors, syndromes), and several excel- 
lent examples are presented. Of more immediate everyday and 


historical significance, however, is the discussion of the premature 
infant, in whom there is such a remarkable prevalence of intracranial 
hemorrhage. Illustrative examples of the various types of intracranial 
hemorrhage are presented along with a discussion of the progression 
and neurodevelopmental outcome of these cases. Dr. Slovis also 
discusses the parameters for screening premature infants and the 
focal increased echogenic area, and he covers periventricular leuko- 
malacia in some depth (e.g., risk factors, incidence, follow-up). Last, 
he presents applications of color flow Doppler imaging. 

The third section, “Imaging Insights: Incomplete Pulmonary Fis- 
sures,” is presented by Anthony V. Proto. These anatomic variants, 
which evidently occur in most patients, are explained clearly by using 
a combination of models, radiographs of autopsy specimens, and 
case presentations. This topic will be of great interest to any radiol- 
ogist who interprets plain chest films. The patterns of the incomplete 
pulmonary fissures, their relationship to diagnostic pitfalls, and the 
effect on the representation of underlying disease as related to pleural 
fluid and collateral air flow are all presented in an interesting and 
easily understandable manner. 

Ali three sections are of excellent quality, are informative, contain 
clearly illustrative high-quality films and charts, and are presented 
well. 


Hano A. Siegel 
Mercy Hospital 
San Diego, CA 92103 
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Esophageal Histoplasmosis in a Child with 
Immunodeficiency with Hyper-lgM 


Raymond K. Tu,' Mary Ellen Peters,’ Glenn R. Gourley,? and Richard Hong? 


Infection with Histoplasma capsulatum is typically indolent 
and asymptomatic in healthy persons. However in immuno- 
compromised patients, a progressive, serious disease involv- 
ing the respiratory and gastrointestinal tracts can occur. 
Gastrointestinal infections of the stomach and the large and 
small intestines are well documented in these patients [1]. 
We describe a case of esophageal histoplasmosis in a child 
with the primary immunodeficiency disorder, immunodefi- 
ciency with hyper-igM. 


Case Report 


A 3-year-old boy was well until age 2 years, when he had fever, 
nausea, vomiting, stomatitis of the gingiva, abdominal pain, fatigue, 
and irritability. Laboratory findings included cyclic neutropenia, eosin- 
ophilia, and anemia that required multiple transfusions. An immuno- 
deficiency with normal to elevated IgM was diagnosed. Disseminated 
histoplasmosis was documented by bone marrow biopsy and was 
treated with amphotericin B, after which the symptoms improved and 
the bone marrow infection cleared. 

Because of suspected esophagitis, an esophagogram was ob- 
tained, which showed poor motility with associated secondary and 
tertiary peristalsis. A large, 2.0-cm ulcer crater in the left anterolateral 
wail of the esophagus (Fig. 1) and persistent filling defects in the mid 
and lower esophagus were identified. Endoscopy revealed impressive 
pseudopolyps and ulceration. Multiple biopsy samples were obtained 
from the esophagus, stomach, and proximal duodenum. Culture of 
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the esophageal biopsy grew Histoplasma, as did a simultaneous 
bone-marrow aspirate. Histologically, the esophageal biopsies 
showed chronic inflammation and ulceration, although the gastric and 
duodenal biopsy findings were normal. 


Discussion 


infection by the common dimorphic soil fungus Histoplasma 
capsulatum is usually benign and asymptomatic, the yeast 
phase occurring in humans and animals. Rarely, serious or 
fatal extrapulmonary disease may develop, usually from other 
preexisting disease in an abnormal host with compromised 
immunity. 

Clinical signs of disseminated histoplasmosis in Goodwin's 
series included a relentless fever (body temperature ranging 
from 101°F to 103°F) as the most common complaint. Other 
symptoms included malaise, cough, weight loss, and diarrhea 
[1]. The manifestations of intestinal infection are perforation, 
hemorrhage, and obstruction, usually affecting the ileum or 
colon [1-4]. 

The principal site of large- and small-bowel involvement in 
gastrointestinal histoplasmosis is the lymphoid tissue, with 
histiocyte proliferation and granuloma formation. Ulcerations 
develop as the inflammatory enlargement causes ischemia of 
the overlying mucosa. The radiographic patterns of large and 
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Fig. 1.—Esophagogram shows smooth, large polyploid protrusions into 
lumen of esophagus (arrows). 


small intestinal Histoplasma infection include thickened folds 
and mucosal edema, ulcerations, and constricting lesions [5]. 

Digestive tract histoplasmosis is rare; however, in the im- 
munocompromised patient, disseminated disease involving 
the stomach and the large and small intestines is well de- 
scribed. In primary immunodeficiencies, generalized histoplas- 
mosis is not a common pathogen [6]. This may be due to a 
regional distribution of the organism and the role of neutro- 
phils in fungal disease control. 

Disseminated histoplasmosis is well documented in per- 
sons infected with human immunodeficiency virus (HIV). Sites 
of involvement have included the colon and rectum [7]. Pres- 
ently, there are no specific culture-proved cases of esopha- 
geal Histoplasma infections in HIV patients. 

In most cases of primary immunodeficiency, number and 
function of neutrophils are normal. Immunodeficiency with 
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hyper-IgM is characteristically associated with cyclic neutro- 
penia. During the periods of neutropenia, ulcers in the mouth 
are very common. Conceivably, similar lesions occurring in 
other portions of the gastrointestinal tract would predispose 
such patients to gastrointestinal infection with histoplasmosis. 
The patient was a resident of Kentucky, an area endemic for 
histoplasmosis. 

This unique case documents esophageal infection by this 
parasite. In patients with prolonged fever and poor health, 
early recognition, diagnosis, and treatment are essential to 
prevent possible complications of perforation, obstruction, 
and hemorrhage. Such insults to the hollow viscus complicate 
the course of an already immunocompromised patient. The 
prevalence of the various complications in esophageal infec- 
tion by Histoplasma is not known; we believe this is the first 
case report. The most severe complication of ulcer formation 
is lack of recognition. Untreated cases are usually fatal. 
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Case Report 





Renal Tubular Dysgenesis 


Atchawee Luisiri,' Luis Salinas-Madrigal,? Akihiko Noguchi,’ E. Richard Graviss,’ and Michael J. Silberstein’ 


We report a case of a patient with renal tubular dysgenesis 
associated with Potter syndrome, oligohydramnios, and ab- 
normal findings on renal sonography. This condition has re- 
cently been documented in the pathology and genetics liter- 
ature. 

A 1.4-kg, female neonate of 32 weeks’ gestation was born 
to a 20-year-old prima gravida mother. The patient was 
delivered by emergent cesarean section because of trans- 
verse lie and poor biophysical profile. At delivery, Apgar 
scores were 1 and 6 at 1 and 5 min, respectively, and the 
infant was stained with meconium. She was intubated be- 
cause of poor oxygenation and transferred to our hospital for 
treatment of prematurity and respiratory distress. 

Physical examination revealed tachycardia, tachypnea, and 
hypotension. Her features were dysmorphic with posteriorly 
rotated and low-set ears, flattened nose with broad nasal 
bridge, and deeply set eyes. The anterior fontanelle was wide. 
The heart, lungs, abdomen, and genitalia were unremarkable. 
The hands had bilateral simian creases and clinodactyly, and 
she had rocker-bottom feet. Muscle tone was generally poor. 

The chest radiograph revealed a bell-shaped thorax, bilat- 
eral medial pneumothoraces, pneumomediastinum, and dif- 
fuse pulmonary opacifications. The patient was slightly ane- 
mic, and analysis of the blood gases showed hypoxia and 
acidosis. The blood urea nitrogen level was normal, but the 
serum creatinine level was increased to 115 «mol/l (normal, 
35.3-61.9 mol/l). The clinical diagnoses were severe respi- 
ratory distress syndrome, Potter syndrome with multiple con- 
genital malformations, and possible sepsis. Despite aggres- 
sive mechanical ventilation, it was difficult to maintain a good 





Received December 10, 1990; accepted after revision March 19, 1991. 


ne a RAR eT ees fp tRNA A 


Pos. A renal sonogram, requested because of postnatal an- 
uria, showed normal position and size (4 x 2 x 2 cm) without 
hydronephrosis or macroscopic cysts. Corticomedullary dif- 
ferentiation was indistinct, with cortical echogenicity equal to 
that of the liver. The findings suggested renai dysplasia with- 
out macroscopic cysts (Figs. 1A-1C). Findings on cranial 
sonography were normal. Severe bradycardia developed and 
the infant died 17 hr after birth. 

Autopsy revealed Potter syndrome and hypoplastic lungs 
with reduced bronchial generations. Histologically, the lungs 
showed hyaline membrane disease and occasional interstitial 
and intraalveolar hemorrhage. The kidneys were normal in 
size, shape, and combined weight (15.2 g—normal combined 
weight is 14.5 + 4.8 g). The external surface was smooth 
with no fetal lobation. The cortical surface was wide and 
extended to the medulla. No cysts were evident. The pelvi- 
caliceal systems and the bladder were unremarkable. The 
renal arteries were patent. Microscopically, the glomeruli were 
normal but increased in number. The cortical tubules were 
lined with poorly differentiated cuboidal epithelial cells (Fig. 
1D), all of which stained with epithelial membrane antigen. 
The medullary pyramids were small, with increased interstitial 
connective tissue in the medulla. The chromosome study 
revealed a normal female karyotype. 


Discussion 


Renal tubular dysgenesis is a newly reported entity [1-3]. 
it is thought to be inherited as an autosomal recessive trait 
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[3]. Although the condition is associated with oligohydramnios 
in later pregnancy, sonography before 22 weeks’ gestation 
may show an adequate amount of amniotic fluid. Potter 
syndrome is present. Flexion or extension deformity of the 
joints, rocker-bottom feet, and simian creases of the hand are 
reported. CNS and cardiac anomalies are occasionally pres- 
ent. Respiratory failure due to pulmonary hypoplasia is fre- 
quently the cause of death. Renal size is normal, or occasion- 
ally enlarged, but never small. The external renal surface is 
normal. The lobar structure is usually preserved. The corti- 
comedullary margin is well demarcated, but the corticomed- 
ullary rays are usually indistinct. The glomeruli are normal, but 
increased in number [1]. 

The most striking abnormality is the presence of immature 
and poorly differentiated tubules in the cortex, with absence 
of proximal tubules. The medulla shows an increase in inter- 
stitial tissue. The pathogenesis is unknown. The decrease in 
amniotic fluid is presumably related to renal tubular dysgen- 
esis, but the mechanism is far from clear. 

The renal sonographic findings in our patient correspond to 
the pathologic abnormalities. Both showed normal renal size, 
no macroscopic renal cysts, and abnormal parenchyma. The 
corticomedullary demarcation, which is usually seen from 27 
weeks’ gestation [4], was not appreciated sonographically. 
The lack of corticomedullary differentiation gives the appear- 
ance of thick cortex, corresponding to the crowded glomeruli, 
very immature tubules, and small medullary pyramids found 
histologically. The echogenicity of the cortex can be in- 
creased, as reported by Swinford et al. [3], or equal to that 
of the liver, as in our patient. 

Other conditions that show poor corticomedullary differen- 
tiation are recessive-type polycystic kidneys [5], acute corti- 
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Fig. 1.—A and B, Transverse and longitudinal 
sonograms of right kidney. Note poor cortico- 
medullary differentiation, giving appearance of 
homogeneity of renal parenchyma and a thick- 
ened cortex. No cysts are evident. Size of kidney 
is normal. Arrows mark normal adrenal gland. 

C, Close-up longitudinal sonogram of left kid- 
ney shows same findings. 

D, Histologic section of renal cortex. Note 
crowding of glomeruli (increased glomerulogen- 
esis), immature tubules, and absent medullary 
rays. (H and E, original magnification x 150) 


comedullary necrosis, renal vein thrombosis [6], and renal 
dysplasia [7]. Although the clinical presentation and the find- 
ings on physical examination in patients with these diagnoses 
may overlap with those in our patient, the renal sonographic 
findings will differ. Occasionally, renal dysplasia may be diffi- 
cult to distinguish from renal tubular dysgenesis. 

It is important for a radiologist or a sonographer to be 
aware of this relatively new entity. The diagnosis of renal 
tubular dysgenesis can be suggested by the prenatal or 
postnatal renal sonogram, as described earlier. Upon diag- 
nosis, the parents need to be alerted to the grave prognosis 
and the risk of recurrence in future offspring. 
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MR Imaging of the Brain in 
Patients with Migraine Headaches 





Forty-one patients with migraine headaches were referred for MR imaging of the 
brain. intermediate and T2-weighted images were obtained to determine the frequency 
of areas of high intensity within the white matter. The average age of these patients 
was 29.8 years; only five were over 40 years old. Each patient was evaluated in the 
axial plane with long TR/short and long TE images. Twenty-three patients also had T1- 
weighted short TR/short TE MR scans; enhancement with gadopentetate dimeglumine 
was used in three patients. Intracranial abnormalities were seen in only six patients: 
foci or white matter high intensity on intermediate and T2-weighted images in five and 
a venous angioma in one. Prior studies have indicated that parenchymal brain abnor- 
malities may be found in up to 46% of patients with migraines. The current study 
demonstrated parenchymal brain lesions in only 12%. 

This study suggests that the frequency of foci of high intensity seen on long TR 
sequences in the migraine patient is much lower than previously reported, especially in 
patients under 40 years old (5.5% in our series). 


AJNR 12:521-524, May/June 1991; AJR 157:385-388, August 1991 


Until the advent and widespread use of MR imaging for the evaluation of the 
brain in patients with migraine headaches, CT was the primary method of radiologic 
screening. The CT results were usually normal, although atrophy, ischemic 
changes, and cerebral edema have been reported [1-3]. 

Only a few reports on the MR evaluation of patients with migraine headaches 
have appeared in the literature [4-6]. The prevalence of MR abnormalities in these 
patients has been considered to be relatively high. Previous authors found high- 
signal white matter foci on long TR images in migraineurs 17-46% of the time [4~ 
6]. Since this has not been our experience, a prospective study was performed to 
determine the prevalence of such white matter abnormalities. 


Subjects and Methods 


Forty-one patients who had been clinically diagnosed as having migraine headaches were 
evaluated prospectively with MR. These patients represented 41 consecutive referrais for 
brain MR from the neurology clinic at the Naval Hospital, San Diego, CA. Entry into the study 
was based on the clinical diagnosis of migraine, regardiess of the patient's age and duration 
and severity of symptoms. Each patient was followed in the neurology clinic for 3-18 months. 
The criteria for diagnosis were based on a pattern of pulsatile recurrent headaches dating 
from childhood or adolescence, the presence of a positive family history, and other clinica! 
factors including scintillating scotoma, aura, subjective neurologic findings, headache that 
was sickening or disabling, and usually a normal neurologic examination. 

The current study group comprised 24 men and 17 women. Thirty-one patients had 
common migraine, four had classical migraine, four had complicated migraine, and one each 
had basilar artery and orbital migraines. Ail of the MR scans were interpreted by a neurora- 
diologist. The average age of the patients was 29.8 years (range, 18-66 years). Only five 
patients were over 40 years old. Review of patients’ records indicated that five patients 
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smoked cigarettes, one was hypertensive, one had unilateral senso- 
rineural hearing loss, one had somatic hemiatrophy, three had remote 
head injuries, one took birth control pills, one was pregnant, and one 
had had renal lithiasis 12 years earlier. Of the patients with additional 
medical problems, only the patient with previous renal lithiasis had 
white matter lesions. 

The MR studies were performed with four scanners: a 1.5-T 
Siemens (Iselin, NJ) Magnetom SP unit (19 patients), a 0.35-T Dia- 
sonics (Milpitas, CA) unit (14 patients), a 1.0-T Siemens Magnetom 
unit (three patients), and a 1.5-T General Electric (Milwaukee, WI) 
Signa unit (five patients). All of the scans included long TR/short and 
long TEs, 2500-3000/25-30, 80-90 (TR/TE), axial images. Short 
TR/short TE sagittal, coronal, or axial images were obtained in 23 
patients. Three patients received IV gadopentetate dimeglumine. 
Matrix size was 128 x 256 for the General Electric scanner and 
256 x 256 for the others. The field of view was 23 or 24 cm. Slice 
thicknesses were 5 or 6 mm. 


Results 


Foci of high signal intensity involving the white matter were 
detected on long TR scans in five of the 41 patients. Three 
(two women and one man) of the five patients were over 40 
years old (43, 50, and 66 years old); the other two were 30- 
and 36-year-old men. Of the 36 migraineurs in whom foci of 
high intensity were not seen, only two were over 40 years old 
(41- and 44-year-old men). The other 34 patients were 18- 
37 years old and included 15 women and 19 men. 

Three of the five abnormal MR scans with abnormal white 
matter lesions had only one or two foci of abnormality (Fig. 
1). The remaining two abnormal scans each had multiple 
bilateral white matter lesions (Fig. 2). No cortical lesions were 
seen in any of the patients. A left frontal lobe venous angioma 
was seen in one patient; mild to moderate degrees of chronic 
sinus changes manifested by mucosai thickening and reten- 
tion cysts were seen in 15 patients. None of the findings in 
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these 16 patients were clinically considered to be related to 
a migraine symptomatology. 

Four patients had neurologic findings and thus were clas- 
sified as having complicated migraines. In only one of these 
patients was the MR scan abnormal. Three of the five MR 
scans positive for white matter lesions were obtained in three 
of the five patients over the age of 40 (Table 1). Enhancement 
with gadopentetate dimeglumine resulted in no additional 
findings. 


Discussion 


Approximately 20% of all headaches are of the migraine 
type and this was the first specific type of headache to be 
classified [7]. Migraine headaches are associated with an 
initial vasoconstriction of the cerebral vasculature, which may 
be associated with relative cerebral ischemia. This may par- 
tially explain or suggest a theory for the aura, the clinical 
findings associated with classical migraine and the possible 
ischemic genesis for the white matter lesions seen with MR. 
Later cerebral vasodilatation results in the pulsatile headache. 
Numerous vasoactive substances have been implicated and 
investigated as possible contributors to the development of 
migraine headaches [7-9]. 

The origin of migraine headache remains incompletely 
understood, as is the cause of the white matter lesions 
identified with MR in some of the patients so affected [7]. We 
found only three MR studies in the literature that specifically 
addressed migraine headaches [4-6]. These authors de- 
scribed the findings in 24, 18, and nine patients; white matter 
abnormalities were found in 46%, 33%, and 17% of cases, 
respectively, for a combined average of 33% (17/51). Kaplan 
et al. [6] presented nine patients with a mean age of 39.8 
years; the three patients with abnormal MR scans were aged 


Fig. 1.—43-year-old woman with 
basilar artery migraine. 

A and B, Focal high-intensity sub- 
cortical white matter lesion involving 
right frontal lobe (arrows) seen on axial 
long TR/short TE (2800/25) scan (A) is 
also present on long TR/long TE (2800/ 
90) scan (B). Additional lesions were 
present on other sections. 
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Fig. 2.—66-year-old woman with 
common migraine. 

A and B, Multiple bilateral periven- 
tricular foci of high intensity seen within 
white matter (curved arrows) on long 
TR/short TE scan (A) are also deline- 
ated on long TR/long TE scan (B). 
These scans also show “normal” peri- 
ventricular halo (straight arrows). 


A 


24, 49, and 56. The average age of the 18 patients in the 
report by Jacome and Leborgne [5] was 30 years, which was 
similar to that in our patient group. The ages of their patients 
with abnormal MR scans were 34, 37, and 38. Soges et al. 
[4] reported the largest series to date of migraine patients 
studied with MR. The average age of their patients was 36.8 
years. The average age of the 11 patients with an abnormal 
MR result was 36.4 years, whereas the average age of the 
13 patients with normal MR scans was 33.8 years. Six of the 
11 abnormal and four of the 13 normal patients were over 40 
years old. In our study, the average age of the five patients 
with abnormal MR scans was 45 years (range, 30-66), 
whereas the average age of the 36 subjects with normal scan 
results was about 28 years (range, 18-44). Current and 
previous studies demonstrate that the older patients with 
migraines tend to be those most often shown to have foci of 
high signal intensity of the white matter on intermediate and 
T2-weighted images. Still, it was interesting to note that even 
when considering the patients of Soges et al. [4] who were 


TABLE 1: Summary of Findings in Migraine Patients with Foci 

of High Intensity on MR 

SS ESE EEE E a a o ee AT a] 
Age S MR Findi Di l 
(yr) ex indings iagnosis 
43 F Multiple 2- to 4-mm, round, bilateral, Basilar artery migraine 
subcortical white matter lesions 

50 M Single 2-mm, right-sided, periven- 
tricular white matter lesion 

One 3-mm oval, left frontal, subcor- 
tical white matter lesion; one 5- 
mm, oval, insular, subcortical 
white matter lesion 

Multiple bilateral, subcortical, peri- 
ventricular, 2- to 8-mm round and 
oval white matter lesions 

Single 4-mm, oval, periventricular, 
left frontal white matter lesion 

SE SS Or SS ERD AE ES SETI TAT | I er Se ee eT G 


Complicated migraine 


Common migraine 


Common migraine 


Common migraine 
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under the age of 40 years, 27% were found to have white 
matter abnormalities. This is approximately five times more 
than the 5.5% found in the 36 patients in our study under 40 
years of age. 

Although precise data do not appear to be available, normal 
young persons have a low rate of white matter lesions 
whereas elderly people have a higher rate of such lesions 
(30-80%) with increasing age [10-14]. The presence of white 
matter, high-intensity foci on long TR scans is typically non- 
specific and may represent or appear similar to a variety of 
pathologic conditions including atrophic perivascular demye- 
lination, vascular malformations, white matter infarction, or 
multiple sclerosis [4, 11]. More white matter lesions are 
detected on MR in older patients with migraine headaches 
than in their younger counterparts. Five of the 17 patients 
with abnormal MR scans described in this and other articles 
[4-6] were over the age of 50 years and six of the 17 were 
between the ages of 40 and 49 years. Our data also showed 
that MR findings tended not to be abnormal in young migrain- 
eurs. 

There is a variety of possible explanations for the increased 
frequency of abnormal white matter foci found in migraineurs 
over the age of 40 years. Advancing age is a consideration, 
especially in combination with a long duration of migraine 
headaches or severe or complicated migrainous events. 
Whether or not there is an increased prevalence of such high- 
intensity white matter foci in young normal vs young migraine 
patients (5.5% in this study) is not known and would require 
specific study. 

In conclusion, foci of high intensity involving the white 
matter on intermediate and long TR MR images appear to be 
found less commonly in all migraineurs than previously 
thought, and their prevalence in younger patients is lower still. 
However, a relatively increased prevalence of white matter 
lesions in older migraineurs has yet to be proved. We suggest 
that these lesions may be due in part to the intolerance of an 
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High-Intensity Signals Within the 
Posterior Pituitary Fossa: A Study 
with Fat-Suppression MR Techniques 





Five different theories have been proposed to explain the high-intensity signalis within 
the posterior pituitary fossa seen on MR: (1) a paramagnetic effect of phospholipids in 
the posterior lobe, (2) lipid in pituicytes in the posterior lobe of the pituitary, (3) 
neurosecretory granules in the posterior lobe, (4) fat within the sella but outside the 
pituitary gland, and (5) fat in bone marrow in the dorsum sellae. Previous reports have 
contained conflicting evidence on which of these structures is the cause of the high- 
intensity signals within the posterior sella. The purpose of this study was to examine 
the high-intensity signals of the normal posterior sella with fat-suppression MR tech- 
niques to reevaluate the contribution of fat to those signals. The sellae of 19 normal 
volunteers and two cadavers were imaged with MR with a commercially available unit 
and a research fat- water-suppression technique. High-intensity signals in the posterior 
sella were observed in all 21 subjects on conventional T1-weighted MR images. in two 
volunteers, the high-intensity signals in the posterior sella were suppressed with fat- 
suppression techniques; in 17 subjects the signals were suppressed with water-suppres- 
sion techniques. In two volunteers the results were indeterminate. The high-intensity 
signals in the posterior sella do not behave like lipid in the majority of cases. 

Our study supports the conclusion that high-intensity signals in the posterior sella 
may have more than one source. It appears that most of these sources do not suppress 
with fat-suppression techniques. 


AJNR 12:529-532, May/June 1991; AJR 157:389-392, August 1991 


The high-intensity signals that have been observed near the posterior pituitary 
fossa on T1-weighted MR images have received different interpretations. On the 
basis of anatomic, clinical, and experimental observations, there are five hypothet- 
ical sources for these signals: a paramagnetic effect of phospholipids in the 
posterior lobe [1], fat in the sella outside the gland [2], a short T1 substance in 
neurosecretory granules in the posterior lobe [3-6], lipid in pituicytes in the posterior 
lobe [7, 8] (Sze G et al., presented at the annual meeting of the American Society 
of Neuroradiology, May 1987), and lipid in the dorsum sellae and posterior clinoid 
bone marrow adjacent to the sella. The purpose of this study was to examine the 
high-intensity signals of the normal posterior sella with thin MR sections and fat- 
suppression techniques to evaluate the contribution of fat to those signals. 


Subjects and Methods 


Twenty-one subjects, including 19 normal volunteers and two cadavers. were studied with 
a 1.5-T General Electric Signa imager. In each case sagittal spin-echo images, 600-800/20- 
25 (TR/TE), were obtained with a 256 x 256 matrix, 16- to 24-cm field of view, two averages, 
and 3-mm slice thickness. Sagittal images of each subject were also obtained with two fat- 
and water-suppression imaging techniques: (1) a commercially available version of the Dixon 
method (PREFCMEMP, General! Electric) [9-11] and (2) a research technique (hybrid 1331 
chopper) [12]. In the former, a frequency-selective pulse is used to suppress the water- or 
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fat-proton signal. In the latter, temporally asymmetric imaging is used 
to distinguish signals from fat and water protons. In some cases, a 
1.5-mm slice thickness was used in place of or in addition to a 3.0- 
mm thickness. The MR images without fat suppression were com- 
pared with fat- and water-suppression images of the same subject. 
All images were evaluated by two interpreters. Classification of each 
case as suppressing with fat suppression or with water suppression 
was made by a consensus of the two interpreters. If the interpreters 
did not agree, or if they were unsure as to how to classify the case, 
it was called indeterminate. 


Results 


Technically adequate fat- and water-suppression images 
were obtained in 19 of the 21 subjects; technically satisfactory 
fat-suppression images without technically satisfactory water- 
suppression images were obtained in two (Table 1). Results 
with the hybrid 1331 chopper and PREFCMEMP techniques 
were identical. 

Of the 21 studies, 17 (including the two cadavers) showed 
suppression with water suppression (Fig. 1), two showed 
suppression with fat suppression (Figs. 2 and 3), and two 
were judged indeterminate because both interpreters believed 
the suppression was incomplete with both water- and fat- 
suppression techniques. With the exception of these two 


TABLE 1: Results of Fat- and Water-Suppression Studies in 21 
Cases of High-Intensity Signal in the Posterior Sella 





Technique 
No. of Cases 
Fat Suppression Water Suppression 
16 No suppression Suppression 
1 No suppression Not available 
1 Suppression No suppression 
1 Suppression Not available 
2 Indeterminate Indeterminate 
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cases, suppression with water- and fat-suppression tech- 
niques were mutually exclusive. 


Discussion 


Results of fat and water suppression were not identical in 
all subjects in this study. In 79% of cases the high-intensity 
signals in the posterior sella were suppressed with water- 
suppression techniques but not with fat-suppression tech- 
niques. Fat-suppression images were not available for one 
subject. In these cases, therefore, the high-intensity signals 
in the posterior sella are likely the result of a short T1 
substance that is within the posterior lobe [1], not of fat in 
pituicytes in the posterior inferior sella, or in bone marrow. In 
10% of the subjects studied, the high-intensity signals 
showed suppression with fat-suppression but not with water- 
suppression techniques. Water-suppression images were not 
available in one case. In these cases the high-intensity signals 
may originate from fat and not a short T1 substance. In 10% 
of cases, in which neither fat nor water suppression eliminated 
the high signal intensity in the sella, both a lipid and a 
paramagnetic (i.e., phospholipid) source might have been 
present. 

The technical limitations of the study do not discount the 
observation. The signal intensities were studied qualitatively 
and not quantitatively. Because of the small number of sub- 
jects of the study group, the relative proportions of fat- or 
water-suppressing signals can only be estimated. Although 
magnetic susceptibility artifacts seen in the suppression tech- 
niques may to some degree obscure high-intensity signals in 
the region of the posterior pituitary fossa, the artifacts ob- 
served were not judged to be sufficiently conspicuous to do 
so completely. Our study supports the conclusions that the 
source of the high-intensity signals in the pituitary fossa is not 
the same in all cases and that the source does not behave 
like fat in the majority of cases. 

In previous investigations, a single explanation was as- 





Fig. 1.—Suppression of high-intensity signals in posterior pituitary fossa with water-suppression techniques. 

A, Sagittal T1-weighted spin-echo MR image shows high-intensity signals from posterior pituitary fossa (arrow) and sphenoid marrow elements (m). 

B, Sagittal fat-suppression MR image (hybrid 1331 chopper technique) shows suppression of high-intensity signals from sphenoid marrow elements 
(m) but no suppression of high-intensity signals from posterior pituitary fossa (arrow). 

C, Sagittal water-suppression MR image (hybrid 1331 chopper technique) shows suppression of high-intensity signal (arrow) in posterior pituitary fossa. 
Signals from brain are suppressed also; high-intensity signals from sphenoid marrow elements (m) are not. 
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Fig. 2.—Suppression of high-intensity signals F; 
in pituitary fossa with fat-suppression tech- 
niques. 

A, Sagittal T1-weighted spin-echo MR image 
shows high-intensity signals in posterior pituitary 
fossa (arrow) and sphenoid marrow elements 
(m). 

B, Sagittal fat-suppression MR image (hybrid 
1331 chopper technique) shows suppression of 
high-intensity signals in posterior pituitary fossa 
(arrow) and sphenoid marrow (m). Partial ob- 
scuring of posterior sella signals by susceptibil- 
ity artifact is shown also. Water-suppression im- 
age was not obtained in this case. 
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Fig. 3.—Second case illustrating suppression of high-intensity signals in pituitary fossa with fat-suppression techniques. 

A-C, Sagittal T1-weighted spin-echo MR image (A), PREFCMEMP fat-suppression MR image (B), and water-suppression MR image (C). High-intensity 
signals in posterior pituitary (solid arrows) and sphenoid (m) are labeled. Air in sphenoidal sinus causes artifacts (open arrows) and distortion of high- 
intensity signals in water-suppression study. 


sumed for the high-intensity signal in the posterior sella. In 
one study, high-intensity signals were present in the posterior 
sella in most of the subjects, and a small crescent-shaped 
area of extraglandular fat was observed in the posterior sella 
in anatomic images, especially in paramidline sections. There- 
fore, the high-intensity signal from the pituitary fossa was 
assumed to correlate with the extraglandular fat [2]. The 
study suggested that at least in some cases, a region of high- 
intensity signal in the posterior pituitary fossa may represent 
fat inside the sella but outside the gland. Others have docu- 
mented the presence of a fat pad in the sella (Blatter D et al., 
presented at the annual meeting of the American Society of 
Neuroradiology, March 1989). 

A possible association between the high-intensity signals 
in the posterior sella and neurosecretory granules in the 
pituitary posterior lobe was reported by Fujisawa et al. [3-5] 
on the basis of observations in normal volunteers [3], patients 
with diabetes insipidus [4], and patients with idiopathic pitui- 
tary dwarfism and pituitary stalk transection [5]. Fujisawa et 


al. [6] also performed experimental studies in rabbits that 
supported the concept of neurosecretory granules with high- 
intensity signals [6]. Nishimura et al. [14] concluded that the 
source of the high-intensity signal was not fat because they 
observed no chemical-shift effect associated with the region 
of high-intensity signal. 

Two investigators who recognized that pituicytes contained 
lipid bodies suggested that the high-intensity signals in the 
posterior sella were from lipid in the pituitary posterior lobe 
[7, 8]. Colombo et al. [7] reviewed the MR images of 200 
patients and attributed the high-intensity signals in the pos- 
terior sella to the posterior lobe because of the size and 
position of the hyperintense signal and the changes in the 
appearance of this signal in various pathologic states. On the 
basis of MR images in animals and corresponding histologic 
and electron microscopic studies of the pituitary gland before 
and after pharmacologic stimulation, Kucharczyk et al. [8] 
suggested that the pituitary hyperintensity represented intra- 
cellular lipid in pituicytes. Others have found an inconsistency 
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between chemical-shift imaging and the theory that the high- 
intensity signals originate from intracellular lipid [13] (Blatter 
et al., ASNR, March 1989). Kucharczyk et al. [1] performed 
experimental studies on the MR characteristics of phospho- 
lipid vesicles. Their observations supported the concept that 
a phospholipid is a relaxation enhancer of water protons that 
creates MR characteristics approximating the appearance of 
the high-intensity signals in the posterior sella. 

The majority of our cases showed high-intensity signals in 
the posterior sella that suppressed with water-suppression 
techniques but not with fat-suppression techniques. These 
observations are consistent with those by Kucharczyk et al. 
[1], Blatter et al. (ASNR, March 1989), and Kim et al. (Kim BJ 
et al., ASNR, March 1989). The two cases that showed signal 
suppression with fat-suppression techniques suggest the 
presence of a lipid source instead of or in addition to a 
relaxation-enhancing substance in the posterior lobe. No 
chemical-shift effect [12] was observed to support the sug- 
gestion. Nonetheless, the possibility that fat or other sub- 
stances such as cholesterol, complex proteins, triglycerides, 
and fatty acids [1] occasionally may be present as a confound- 
ing factor in the analysis of the sella should be considered. 

Our study supports the conclusion that there may be more 
than one source of the high-intensity signals in the posterior 
sella. Sources that do not suppress with fat-suppression 
techniques appear to account for the majority of cases, as 
suggested by Kucharczyk et al. [1], Blatter et al. (ASNR, 
March 1989), and Kim et al. (ASNR, March 1989). Sources 
that suppress with fat-suppression techniques account for 
the minority of cases. In these cases, artifact, a fat pad in the 
sella, or lipid in pituicytes or, less likely, bone marrow may 
provide the explanation. The two sources may not be mutually 
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exclusive. In future investigations of the sella, more than one 
source for high-intensity signals may need to be considered. 
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The Role of Contrast-Enhanced 
MR Imaging in the Diagnosis of 
Neurocysticercosis 





Pre- and postcontrast MR images of 17 patients with the diagnosis of neurocysticer- 
cosis were reviewed to evaluate the role of gadopentetate dimeglumine in MR imaging 
of this disease. The MR images, which were obtained on either a 0.5-T or 2.0-T 
superconducting system, revealed a total of 92 cysticerci in 17 patients. On contrast- 
enhanced T1-weighted images, 23 parenchymal cysticerci showed contrast enhance- 
ment. Ring-shaped enhancement was seen in only 6% (3/54) of cysticerci with intensity 
paralleling the CSF, while it was noted in 67% (16/24) of the cysticerci with intensity 
higher than CSF. Nodular enhancement was seen in granulomatous lesions with sur- 
rounding edema (29%, 4/14). Of 18 cysticerci with surrounding edema, 17 showed 
contrast enhancement. Basal meningeal enhancement, indicating meningitis, was ob- 
served in three patients. 

The results indicate that contrast enhancement usually occurs in patients in whom 
precontrast MR findings have shown active inflammatory reaction in the degenerating 
stage of the worm. Thus, postcontrast imaging is useful in a limited number of patients 
with neurocysticercosis; it should be used selectively in those whose clinical or precon- 
trast MR studies show meningitis, granulomatous lesions, or cysts with surrounding 
edema. 


AJNR 12:509-512, May/June 1991; AJR 157:393-396, August 1991 


MR imaging proved to be a useful imaging method in diagnosing neurocysticer- 
cosis and appears to be superior to CT in almost all patients with neurocysticercosis 
except those with only small calcification [1-9]. Although gadopentetate dimeglu- 
mine has increasingly been used in patients with CNS abnormalities [10], it remains 
undetermined whether the patient suspected of having neurocysticercosis should 
have contrast-enhanced MR imaging. The purpose of this study is to evaluate the 
role of gadopentetate dimegiumine in the MR evaluation of neurocysticercosis. 


Subjects and Methods 


Seventeen patients (14 men and three women) with neurocysticercosis who ranged in age 
from 29 to 67 years old (mean, 47.7 years) were studied with MR imaging before and after 
enhancement with gadopentetate dimeglumine, and the images were evaluated retrospec- 
tively. The diagnosis of neurocysticercosis was made on the basis of the combined results 
of the imaging findings and positive serologic test, enzyme-linked immunosorbent assay 
(ELISA) for cysticercus-specific immunoglobulin G (IgG) antibody in both serum and CSF. In 
eight patients diagnosis was confirmed surgically. In nonsurgically confirmed cases, MR 
findings of multiple round cysts, each containing a tiny eccentric nodule, representing the 
scolex of the worm, were considered as definite confirmation of neurocysticercosis, regardless 
of ELISA test. Such findings are virtually pathognomonic of neurocysticercosis, particularly in 
an endemic area such as Korea. When the scolex was not visible within the cysts, only the 
cases with both positive ELISA results in CSF and MR findings of multiple cysts were 
regarded as neurocysticercosis. The patients with MR findings of only nodular iesion(s) were 
not included here, regardless of ELISA results. 

The MR images were obtained on a 0.5-T superconducting unit (Supertec-5000, GoidStar, 
Seoul) in seven patients and a 2.0-T superconducting unit (Spectro-20000, GoldStar, Seoul) 


394 CHANG ET AL. 





in 10 patients, with multiecho, multislice, spin-echo (SE) pulse se- 
quences. Before contrast administration, T1-weighted (500/30, TR/ 
TE) sagittal images and proton-density-weighted (2000-3000/30) and 
T2-weighted (2000-3000/80-100) axial images were obtained. After 
IV injection of gadopentetate dimeglumine (0.07-0.1 mmol/kg body 
weight), T1-weighted axial and sagittal, and sometimes coronal, 
images were obtained. The slice thickness/gap was 5 mm/2 mm for 
the 2.0-T unit and 7 mm/2 mm for the 0.5-T unit. In one case of 
spinal cord cysticercosis, slice thickness/gap was 3 mm/1 mm in the 
Sagittal plane and 5 mm/2 mm in the axial plane. The acquisition 
matrix was 256 x 256, with spatial resolution of 1 mm x 1 mm. The 
number of excitations ranged from 4 to 6 for T1-weighted images 
and 1 to 2 for T2-weighted images. 

The MR images were reviewed with attention to the location of 
cysticerci, pericysticercal edema, signal intensity of the cyst contents, 
presence and pattern of contrast enhancement, and their relation- 
ships, by two neuroradiologists and a senior radiology resident ex- 
perienced with high-field MR imaging and the use of contrast material, 
together with all clinical information and results of ELISA. 


Results 


Ninety-two cysticerci were observed in 17 patients; 82 
cysticerci were in the parenchyma, seven on the leptomenin- 
ges, two within the fourth ventricle, and one within the cervical 
spinal cord. Among the 92 cysticerci, contrast enhancement 
was shown in 23 parenchymal cysticerci in 10 patients: ring- 
shaped enhancement (Figs. 1-3) was seen in 19, and nodular 
enhancement (Fig. 4) in four. Of 54 cysticerci with signal 
intensity identical to that of CSF on all pulse sequences, only 
three revealed thin ring-shaped contrast enhancement. Six- 
teen of 24 cysticerci with signal intensity higher than that of 
CSF on T1- and proton-density-weighted images showed thin 
or thick ring-shaped enhancement (Figs. 1 and 3). The re- 
maining 14 lesions had a nodular appearance on precontrast 
MR without cystic content; they measured 10 mm or less in 
diameter. Ten of the lesions appeared hypointense or isoin- 
tense relative to brain parenchyma on precontrast T1- and 
T2-weighted images, and the other four appeared slightly 
hypointense on the T1-weighted images, and markedly hy- 
pointense on proton-density- and T2-weighted images. Of the 
former group (10 lesions), four with surrounding edema of 
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Fig. 1.—Cysticercosis in various stages. 

A, Precontrast axial SE 500/30 MR image 
shows a cyst of low (but higher than CSF) inten- 
sity in right parietal lobe with surrounding edema 
of low intensity. Multiple small nodular lesions of 
iso- or low intensity are also seen in left frontal 
lobe, left thalamus, and right basal ganglia. 

B, Contrast-enhanced axial SE 500/30 MR 
image shows thick, ring-shaped enhancement of 
cysticercus in right parietal lobe (arrow). There 
is also faint nodular enhancement in left thalamic 
lesion. 


variable degrees showed nodular or microring enhancement 
(Figs. 1 and 4), while none of the latter group (four lesions) 
demonstrated the contrast enhancement that proved to be 
calcifications on precontrast CT scans. 

Seventeen of 18 lesions with surrounding edema of variable 
degrees were included in the 23 lesions with contrast en- 
hancement. Only one of the 18 lesions with surrounding 
edema revealed no contrast enhancement. Twelve of 13 
cysticerci with both surrounding edema and signal intensity 
higher than that of CSF on T1- and proton-density-weighted 
images enhanced; only four of 60 cysticerci both without 
surrounding edema and with signal isointense with CSF en- 
hanced. The relationship between the focal contrast enhance- 
ment, the surrounding edema, and the appearance of the 
cysticerci is summarized in Table 1. 

Three cases demonstrated meningeal enhancement. One 
case with multiple leptomeningeal cysticerci in the right sylvian 





Fig. 2.—Cysticercosis of the spinal cord. 

A, Precontrast sagittal SE 500/30 MR image shows cyst of low signal 
intensity with eccentric dotlike structure, suggesting a scolex in spinal 
cord at level of C2-C3. 

B, Contrast-enhanced sagittal SE 500/30 MR image shows “signet ring- 
shaped” enhancement (arrow). 
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Fig. 3.—Cysticercal meningitis. 


A-C, Contrast-enhanced SE 500/30 MR images show meningeal enhancement at suprasellar cistern and bilateral temporal convexities (arrows) in 


association with a cysticercus with ring enhancement in right frontal lobe. 





Fig. 4.—Cysticercosis in granulomatous nodular stage. 
A, Precontrast SE 500/30 MR image shows small cysticercus of slight hypointensity or isointensity relative to brain parenchyma in right parietal lobe. 
B, Precontrast SE 3000/80 MR image shows surrounding edema of high signal intensity with a small central nodule of slightly low intensity. 

C, Contrast-enhanced SE 500/30 MR image shows nodular or microring-shaped enhancement of nodule (arrow). 


cistern showed linear meningeal enhancement in the right 
sylvian cistern. The second case revealed a solitary paren- 
chymal cysticercus with ring enhancement in the right frontal 
lobe associated with meningeal enhancement along the su- 
prasellar cistern and bilateral temporal convexities (Fig. 3). 
The remaining case, with cysticerci in the left frontal lobe and 
the fourth ventricle, demonstrated meningeal enhancement 
along the right sylvian cistern and left side of the tentorium in 
association with multiple subacute enhancing infarcts in both 
temporal lobes, the right thalamus, and pons. 


Discussion 


MR findings of neurocysticercosis are variable, depending 
on the stage in evolution of the infection [1, 2, 6, 7, 11, 12]. 


In the vesicular stage, the larva is seen as a small marginal 
nodule projecting into a cyst containing clear fluid. A thin 
capsule surrounds the cyst at this stage. The inflammatory 
reaction is well localized to the adjacent brain tissue and there 
may be only a small ring of edema and glial proliferation. In 
this stage, the cysticercus appears as a round cyst with a 
mural nodule (scolex) without enhancement or edema on MR 
and CT. The cystic fluid appears isointense with CSF on all 
MR pulse sequences [1, 2, 11]. In the present study, only 6% 
(3/54) of the cysticerci in the vesicular stage revealed contrast 
enhancement. 

In the next stage (colloidal vesicular stage), the larvae begin 
to degenerate. The cyst fluid becomes turbid, and the capsule 
thickens. As the cysticerci degenerate, an acute encephalitic 
Stage may ensue from humoral and tissue response to cysti- 
cerci, causing surrounding edema and enhancement on MR 


396 CHANG ET AL. 


TABLE 1: Relationship Between Contrast Enhancement, Edema 
Surrounding Lesions, and Appearance of Cysticerci 


Postcontrast 
Enhancement on MR 


Lesions with surrounding edema on precontrast 








MR 
Positive 17 1 18 
Negative 6 68 74 
Total 23 69 92 
Appearance of cysticerci on precontrastMR 7 
Cystic type 
Fiuid isointense with CSF® 3 51 54 
Fluid hyperintense relative to CSF” 16 8 24 
Nodular type 
isointense with brain parenchyma” 4 6 10 
Hypointense relative to brain parenchyma® 0 4 4 
Total 23 69 92 


Fe cme EEEE EE rename 
a lsointense with CSF on all pulse sequences. 
° Hyperintense relative to CSF on T1- and proton-density-weighted images. 
° This group includes all the nodules of slight hypointensity or isointensity 
on all pulse sequences. 
* This group includes ali the nodules of slight hypointensity on T1-weighted 
images, and marked hypointensity on proton-density- and T2-weighted images. 


and CT [1, 2, 11]. The enhancement is a result of an inflam- 
matory reaction caused by degenerating larvae, which are 
known to release metabolic products that break down the 
blood-brain barrier [2, 6, 12]. The turbid cyst fluid is respon- 
sible for the signal intensity higher than that of CSF on T1- 
and proton-density-weighted images. On T2-weighted im- 
ages, the cyst fluid and surrounding edema appear as high 
intensity, while the cyst wall and central scolex appear as low 
intensity [11]. In our series, 67% (16/24) of the cysticerci in 
this stage showed ring-shaped enhancement. 

By the third (granular nodular) stage, the cyst has under- 
gone retraction, its contents begin to mineralize, and its 
capsule is quite thick and collagenous. There is a steady 
decline and involution to granulomatous lesions, some of 
which may appear as enhancing nodules or microring-like 
lesions with or without surrounding edema [11, 12]. In our 
series, 10 cysticerci with isointense nodular patterns corre- 
sponded to this stage, and 40% (4/10) of them showed 
nodular or microring enhancement, suggesting granuloma. 

By the final (nodular calcified) stage, the lesion is shrunken 
and completely mineralized. The granulomatous lesions are 
replaced by gliosis and, eventually, by calcified nodules [1, 2, 
11, 12]. In the present series, four calcified nodules with 
hypointensity belonged to this stage; none of them showed 
contrast enhancement. 

The results indicate that the contrast enhancement around 
the cysticerci seems to occur when there are both surround- 
ing edema and signal intensity of the cyst contents higher 
than CSF on T1- and proton-density-weighted images. Such 
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enhancement probably reflects degeneration of the worms 
and inflammatory reaction of the adjacent brain tissue. The 
degree of contrast enhancement on MR imaging may indicate 
the degree of focal parenchymal inflammatory reaction around 
the cysts, although contrast enhancement did not play a 
critical role in the actual diagnosis of neurocysticercosis in the 
vast majority of the patients. Without contrast enhancement, 
it may be difficult to identify the cysticerci, especially, when 
they are smaller than 1 cm and isointense with brain paren- 
chyma [9]. In these cases, contrast-enhanced MR imaging 
appears to be indispensable for the detection of the cysticerci. 
In cysticercal meningitis, as seen in three patients with men- 
ingeal enhancement in the present series, it is impossible to 
identify the meningeal inflammation by precontrast MR im- 
aging alone. 

In conclusion, since precontrast MR imaging provides 
enough information to make a diagnosis of neurocysticercosis 
in the vast majority of patients, and contrast enhancement 
seems to be useful in a limited number of neurocysticercosis 
cases, it is suggested that contrast imaging be used selec- 
tively in patients whose clinical or precontrast MR studies 
show meningitis, granulomatous lesions, or cysts with sur- 
rounding edema. 
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Imaging of the Basal Cerebral 

: Arteries and Measurement of 
Blood Velocity in Adults by Using 
Transcranial Real-Time Color Flow 
Doppler Sonography 





Takashi Tsuchiya’ We report an attempt to obtain images of the basal cerebral arteries and to measure 
Masahiro Yasaka the quantitative flow velocity in these arteries from outside the skull via the color Doppler 
Takenori Yamaguchi imaging method. in 25 healthy volunteers, 22-41 years old, the transducer was posi- 
Kazumi Kimura tioned just superior to the zygomatic arch and anterior to the external ear canal. The 
Tsuyoshi Omae absolute flow velocity was calculated by dividing the measured velocity by the cosine 
of the incident angle. The middle cerebral artery was readily identified in all subjects, 
but the anterior cerebral artery was seen in only 7/50, and the posterior cerebral artery 
in 27/50. The corrected mean velocity of the horizontal middle cerebral artery was 86 + 
17 cm/sec at an average incident angle of 49°. However, it was difficult to calculate the 
absolute flow velocity in the anterior and posterior cerebral arteries because the length 
of those arteries delineated was too short to read the incident angle. The reproducibility 
of the mean blood velocity in the middle cerebral artery was tested by two examiners 
on two different occasions, and showed a linear regression with a correlation coefficient 
of 0.93 (p < .001) when the correction with the incident angle was made. 
Transcranial real-time color-flow Doppler imaging permits more accurate noninvasive 
quantification of cerebral hemodynamic consequences than previous methods do. 


AJNR 12:497-502, May/June 1991; AJR 157:397-402, August 1991 


In 1982, Aaslid et al. [1] demonstrated that signals could be obtained from the 
basal cerebral arteries with a 2-MHz probe directed intracranially from the temporal 
bone just above the zygomatic arch. Assessment of blood velocity in the basal 
cerebral arteries provides valuable information with regard to the functional capacity 
of the circle of Willis. Transcranial Doppler techniques have recently been used to 
evaluate vasospasm following subarachnoid hemorrhage, intracranial arterial ste- 
nosis, and arteriovenous malformation [2-5]. In addition, the patterns of collateral 
circulation in patients with extracranial carotid artery disease may be determined 
with this technique [6]. However, for measuring blood velocity, Doppler imaging 
presents several problems. Precise placement of the sample volume as well as 
angle correction is not possible by means of the transcranial Doppler technique. 

Recently, in neonates and infants, the effectiveness of color Doppler imaging 
has been shown for visualizing intracranial vessels through the anterior fontanel, 
which serves as an acoustic window [7, 8]. But, in adults, imaging of the intracranial 
vessels from outside the skull has not been documented previously. In this study 
we chose a color Doppler technique (transcranial real-time color fow Doppler 
sonography) to visualize the intracranial vessels. The objectives were to investigate 

iaa a a the possibility of obtaining images of the basal cerebral arteries with a noninvasive 
1990; accepted November 7, 1990. ' method and to measure more accurate flow velocity following angle correction than 
previously reported. 


"All authors: Cerebrovascular Division, Depart- 
ment of Medicine, National Cardiovascular Center, 


5-7-1 Fujishirodai, Suita City, Osaka 565, Japan. Materials and Methods 
Address reprint requests to T. Tsuchiya. 


0361-~-803X/91/1572-0397 Subjects consisted of 25 healthy individuals, 11 men and 14 women, 21 to 41 years old 
© American Roentgen Ray Society (mean age, 28 years). Examinations were performed with a real-time B-mode and color 
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Doppler duplex scanner (SSH 160A; Toshiba, Inc., Tokyo). The 
transducer was operated at 2.5 MHz for both B-mode imaging and 
Doppler functions. This system permits rapid visualization of arterial 
flow patterns by superimposing a real-time color image showing 
regions of blood flow on a two-dimensional B-mode tissue image. 
This combination is made possible by high-speed, electric array 
processing of ultrasound signals. Flow toward the transducer was 
displayed in red, flow away from the transducer in blue. 

The B-mode and Doppler information within the scan fields was 
updated six times per second for the approximately 40° field of view. 
The pulse repetition frequency was mainly 3.0 KHz, and low-pass 
filter was 300 Hz. Proper adjustment of velocity scale to match the 
flow velocity of the vessels was one of the important factors for 
obtaining a good image. A change in the velocity scales directly 
reflected a change in the pulse repetition frequency or the sampling 
rate. Doppler color gain was first turned down completely and then 
increased very gradually until the static background noise barely 
appeared. 

The subjects were examined first in the left lateral decubitus 
position and then in the right lateral decubitus position. The trans- 
ducer was placed just superior to the zygomatic arch and anterior to 
the external ear canal (Fig. 1). Particular care was taken to obtain a 
long axis view of the desired vessel, especially of the horizontal 
portion of the middle cerebral artery (MCA), by means of tilting, 
rotating, or shifting the transducer. 

For the purpose of identifying the color-flow images obtained by 
this system, we compared those images with the basal cerebral 
arteries displayed as flow-void in MR imaging in two of the subjects. 

A range-gate pulsed Doppler sample volume, 5 mm in size, was 
used to measure both the blood flow velocity within the vessel and 
the angle of incidence (0) to the vessel of interest. 

The reproducibility of the MCA flow velocity was investigated in all 





Fig. 1.—Photograph of the equipment used and the location of the 
ultrasonic window. 
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subjects. Measurements of the MCA blood velocity were repeated 
within a 7-day period by two examiners. The data of each examiner 
were not shown to the other until the second measurement had been 
made. 

For the statistical evaluation, mean velocity was calculated from 
the time-averaged peak Doppler shift over one cardiac cycle. Then, 
the absolute velocity was calculated by dividing the measured velocity 
by the cosine #. The correlations of the values measured by the two 
examiners were assessed by linear regression analysis. 


Results 


All MCAs were readily identified in all subjects, but the 
anterior cerebral artery (ACA) was visualized only in 7/50, and 
the posterior cerebral artery (PCA) in 27/50. The horizontal 
portion of the MCA was imaged as a slightly curved red 
column anterior to the small wing of the sphenoidal bone 
(Figs. 2 and 3). The ACA was imaged as a blue line above 
the sella turcica (Fig. 4), the PCA as a red line posterior to 
the image of the MCA. The color Doppler images of the basal 
cerebral arteries delineated by transcranial real-time color- 
flow Doppler sonography corresponded well with those dis- 
played as flow void by MR imaging in their course and location 
(Fig. 2). 

The measured mean velocity of the horizontal portion of 
the MCA in the whole series was 55 + 16 cm/sec (mean + 
standard deviation) at an average angle to the Doppler beam 
of 49°. The angle of incidence to the horizontal portion of the 
MCA varied considerably among the cases, ranging from 9° 
to 73°. The absolute mean velocity by angle correction was 
87 + 16 cm/sec in the horizontal portion of the MCA. How- 
ever, it was difficult to calculate the absolute velocity in the 
ACA and PCA, because the length of the images of those 
arteries was too short to read the correct angle between the 
pulsed Doppler beam and the flow direction. 

In the reproducibility study of measuring the flow velocity 
in the MCA, the depth of sample volume determined by the 
two examiners was 53.9 + 4.3 mm and 55.5 + 3.6 mm, 
respectively. The correlation between the values measured 
by the examiners was relatively poor, with a correlation coef- 
ficient of 0.40 (p < .005; Fig. 5, left). The incident angle to 
the horizontal MCA measured by the examiners was 49.1° + 
12.3° (range, 9° to 73° degrees) and 41.8° + 17.7° (range, 
4° to 74°), respectively. The coefficient of correlation r = .38 
(p < .005) again indicated poor correlation of both measure- 
ments (Fig. 5, right). 

The mean blood velocity of the horizontal MCA measured 
by the examiners was 55 + 16 cm/sec and 60 + 16 cm/sec, 
respectively (Fig. 6, left). When the individual flow velocity 
was corrected with incident angle, however, it became 87 + 
16 cm/sec and 86 + 13 cm/sec, respectively, showing nearly 
the same values (Fig. 6, right). The correlation coefficient 
between the values of mean flow velocity obtained by both 
examiners markedly improved from 0.65 (p < .001) to 0.93 
(p < .001), when correction was made by the incident angle 
(Fig. 6). 

Representative color-flow images and Doppler recordings 
of one case obtained by the two examiners are shown in 
Figure 7. The depth of the sampling volumes was different 
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Fig. 2.—Upper image, T2-weighted (2000/23) MR image and corresponding graphic representation. Horizontal portion of middle cerebral artery (MCA) 
is displayed with intraluminal flow void (closed arrows). Open arrows indicate location of ultrasonic window used. 

Lower image, Transcranial real-time color-flow Doppler sonogram of MCA in same subject. Horizontal portion of MCA is clearly imaged as red column. 
Course and location of horizontal MCA coincides closely with that shown by MR. 


for each examiner. The mean velocities measured by the 
examiners were 58 cm/sec and 93 cm/sec, respectively, 
which were considerably different. When correction according 
to incident angle was made, the flow velocities approximated 
more closely, with respective values of 91 cm/sec and 93 cm/ 
SEC. 


Discussion 


Transcranial Doppler recordings of flow velocity by Aaslid 
et al. [1] in 1982 have been reported to be useful for evaluation 
of intracranial hemodynamic alterations from outside the skull 
[2, 3]. However, two important features of this method should 
be borne in mind. First, in their previous reports the insonation 
angle was ignored, because the angle of incidence to the 
MCA and ACA from the temporal window was assumed to 
be close to zero on the basis of the anatomic structure of the 
cerebral arteries. The error in the velocity measured by trans- 
cranial Doppler recordings would be less than 15%, if assum- 
ing the angle of incidence ranges from 0° to 30°. Second, the 
location of the sample volume used in transcranial Doppler 


recordings is uncertain because of a blind technique. There- 
fore, the source of the information of artery identification 
depends on the spatial relation of the signal to other intracra- 
nial signals, the direction of flow, and the response of the 
signal to compression test [9]. 

In general, accurate measurement of flow velocity by the 
Doppler principle requires the identification of the location of 
sample volume and the estimation of both the angle of inci- 
dence and the Doppler shift. The Doppler methods are ca- 
pable of good absolute accuracy with systemic errors of 6% 
or less when suitably designed equipment is used in appro- 
priate situations [10]. 

The Doppler shift is given by the following equation: 


ôf = 2(v cos A)fo/C 


where ôf = Doppler shift, v = magnitude of the scatterer’s 
velocity, 0 = angle between ultrasonic beam and direction of 
motion, fo = frequency of ultrasound transmitted, and C = 
speed of propagation of ultrasound in blood. 

Since fo and C are generally known, measurement of the 
Doppler shift allows calculation of the product (v cos 0). Any 
error in estimating the angle could directly affect the meas- 


Fig. 3.—Color-flow Doppler imaging and Dop- 
pler spectrum of horizontal portion of middle 
cerebral artery (MCA). Length of horizontal por- 
tion of MCA is long enough to obtain accurate 
reading of incident angle. Arrow indicates loca- 
tion of sample volume. 
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Fig. 4.—Color-flow Doppler imaging and Dop- 

pler spectrum of anterior cerebral artery (ACA). 

Length of ACA on color-flow Doppler image is 
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SEG: indicates location of sample volume. 
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Fig. 5.—-Graphs indicate reproducibility of mm 
sample volume depth (jeft) and of incident angle 60 
(right). Correlation between two examiners (TT, 

MY) was relatively poor. 
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urement of blood velocity. Moreover, when the angle 0 is 
large, cos 0 varies greatly with 6. If, for example, the angle of 
incidence (#) is assumed to be 0 but is in fact 20°, the flow 
velocity will be underestimated by 6%. However, if the actual 
angle of insonation is €0°, blood velocity would be underes- 
timated by 50%. 

We succeeded in imaging the basal cerebral arteries and 
measuring their absolute flow velocities from outside the skull, 
using a real-time color-flow Doppler imaging system, which is 
commercially available mainly for cardiac use (SSH 160A). 
This instrument, which can display the bloodstream in colors 
superimposed on a real-time B-mode image, makes it possible 
to measure the angle of incidence to the vessel of interest 
and to identify the location of the sample volume. 

In all the previous reports it was assumed that for the 
horizontal portion of the MCA, the angle of insonation was 
probably small, so that measured values corresponded well 
to true velocity. However, our results demonstrated that the 
average value of the angle between the horizontal MCA and 
ultrasonic beam was 49°, which was much larger than that 
previously assumed by Aaslid et al. [1, 11]. Moreover, the 
measured values of the incident angle varied from subject to 
subject and from side to side. 


Reproducibilities for the positioning of depth of sample 
volume and for the incident angie between the pulsed Doppler 
beam and blood flow column by the two examiners were 
relatively poor before correction by incident angie. These 
results are considered to be based on the difference in 
positionings of the echo window and sampie volume by the 
examiners. 

The location of the ultrasonic window is one of the very 
important factors that decides the incident angle to the ves- 
sels of interest. According to Aaslid et al. [9], it is useful to 
discriminate between three different locations of the temporal 
window: the anterior, middle, and posterior temporal window. 
The anterior temporal window, which is located posterior to 
the frontal process of the zygomatic arch, allows the angle of 
insonation of almost 0° to the MCA. On the other hand, the 
posterior temporal window, which is located just anterior to 
the ear, is more suitable for insonation in elderly patients than 
the anterior temporal window is. From the posterior window, 
a somewhat more obtuse angie to the MCA might be ex- 
pected. in this study, the anterior temporal window showed 
a poor signal-to-noise ratio in almost all subjects, and it was 
used in only rare cases. We used the posterior and middie 
temporal windows in the majority of cases in this study, at 


402 TSUCHIYA ET AL. 











Fig. 7.—Color-flow images and spectral displays of Doppler signal from 
right middle cerebral artery (MCA) measured by the two examiners. Left, 
measurement by TT; Right, measurement by MY. 

Upper images, Color-flow images of right MCA. 

Middle images, Locations of sample volume (closed circles) and direc- 
tion of pulse Doppler beam and blood column at each location of sample 
volume. 

Lower images, Spectral display of Doppler signal at each sample volume 
position. 


the point where the best signal-to-noise ratio was obtained. 
This may have resulted in a much larger angle of incidence to 
the MCA (49° in a mean value) than that previously assumed. 

Moreover, the angle of incidence was not always constant 
even if the insonation was made from the same window. This 
inconstancy was derived partly from individual variation of the 
course of the horizontal portion of the MCA and partly from 
the difference in positioning of the sample volume from ex- 
aminer to examiner. The course of the basal cerebral arteries 
showed considerable variation, although the horizontal por- 
tion of the MCA was shown as a slightly curved image in 
most cases. Different values of the measured velocity were 
obtained by positioning the sample volume in the proximal or 
distal portion of the horizontal MCA, if not corrected by the 
angle of insonation. 

The mean value of the MCA flow velocity in normal subjects 
younger than 40 years old has been reported to be 58.4 + 
8.4 cm/sec by Hennerici et al. [12]. This value corresponded 
well with the value of 55 + 16 cm/sec obtained by this method 
before angle correction in similar subjects. When angle cor- 
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rection was made, however, the mean velocity of the horizon- 
tal MCA in our subjects proved to be 87 + 16 cm/sec, higher 
than those in previous reports. This study demonstrated that 
the absolute value of the MCA flow velocity was much higher 
than that previously assumed. 

Transcranial real-time color-flow Doppler sonography has 
proved to be a useful, noninvasive technique for providing an 
accurate estimation of cerebral hemodynamics, especially for 
the assessment of blood flow in the MCA. But this method 
does have some problems; for example, it did not produce 
images of the ACA and PCA that were as good as those of 
the MCA. Moreover, in a color Doppler imaging system, the 
color flow information depends on the amplitudes of the 
components reflected from the red blood cell; that is, on the 
size of the bloodstream in cross section. Thus, if the target 
vessels are very small in cross section, it is difficult for Doppler 
imaging to display the bloodstream of those arteries in colors 
with a good signal-to-noise ratio. As for the ACA and PCA, 
their anatomic course might play an important role in this 
result. For the purpose of obtaining better signal-to-noise 
imaging, further technical modification of the transcranial real- 
time color-flow Doppler technique is required. 
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Carotid Duplex Sonography: 
Bisferious Pulse Contour in Patients with 
Aortic Valvular Disease 





Characteristic systolic and diastolic pulse contours occur in the carotid Doppler 
waveforms of patients with aortic valvular disease that have not previously been 
described in publications concerning carotid duplex sonography. The purpose of this 
study was to evaluate the presence and characterize the nature of these carotid duplex 
waveform abnormalities in patients with known aortic valve disease and to correlate 
these changes with the severity of valve dysfunction. The study group consisted of 26 
patients with aortic regurgitation or combined aortic regurgitation and aortic stenosis. 
Duplex studies were retrospectively reviewed by two radiologists for the presence of 
two systolic peaks, and for the presence of diastolic reversal of flow direction. This 
pattern of two systolic peaks, characteristic of aortic regurgitation, is called bisferious 
from the Latin “twice beating.” Aortic regurgitation was graded by echocardiography as 
mild, moderate, or severe by the cardiologists reviewing the examination. A group of 20 
age-matched patients without aortic valvular disease were similarly assessed. The 
bisferious pattern was demonstrated in 13 (50%) of 26 patients. Five (19%) of 26 
patients had significant reversal of diastolic flow. Four patients were studied both before 
and after aortic valve replacement. Three had bisferious wave contours preoperatively; 
two of these also had diastolic reversal of flow. The fourth patient had retrograde flow 
in diastole without systolic contour abnormality. Postoperatively, all carotid waveforms 
were normal. None of the duplex waveforms in the control group demonstrated charac- 
teristic systolic or diastolic abnormalities. 

The bisferious waveform and retrograde diastolic flow are Doppler patterns associ- 
ated with aortic valvular disease. These patterns are reversible after aortic valve 
replacement. While echocardiography remains the study of choice in the evaluation of 
suspected valvular dysfunction, up to one third of patients with aortic regurgitation may 
not have a detectable murmur. Therefore, identifying these patterns on carotid duplex 
examinations may provide clinically useful information and serve as a clue to previously 
unsuspected cardiovascular disease. 
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The bisferious arterial pattern of aortic regurgitation has been described in 
pressure tracings of the carotid artery, the ascending aorta, and the aortic arch. 
Reversal of diastolic flow direction has also been documented by echocardiography 
and aortography in the aortic arch and left ventricle in patients with aortic regurgi- 
tation [1-4]. Flow patterns in the cardiac chambers have been studied with MR 
imaging in patients with aortic regurgitation [5-10]. Retrograde diastolic flow in 
carotid arteries has been identified in the duplex examinations of infants with patent 
ductus arteriosus [11, 12]. The presence of a bisferious pulse contour or retrograde 
diastolic flow has never been reported in the carotid duplex waveforms of patients 
with aortic valve disease. 

This study was designed to investigate the presence and characterize the nature 
of systolic and diastolic pulse waveform abnormalities in a group of patients with 
known aortic valve disease, and to correlate these abnormalities with the severity 
of valve regurgitation. 
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Materials and Methods 


We retrospectively reviewed all cases of aortic regurgitation and 
combined aortic regurgitation and stenosis as determined by echo- 
cardiography from the records of the Veterans Affairs Medical Center 
in San Diego between January 1989 and April 1990. We then selected 
only patients who had duplex carotid sonograms and echocardiog- 
raphy within a 2-week period for inclusion in our study. The study 
group consisted of 26 patients, 25 men and one woman, 33-90 
years old (mean, 60 years). indications for examination varied. The 
majority were seen for preoperative evaluation before coronary artery 
bypass graft or valve replacement. Six patients had undergone aortic 
valve replacement with porcine valves 5-13 years before. Retrospec- 
tive evaluation of carotid duplex sonograms was also performed in 
20 age-matched patients with a variety of cardiovascular diseases 
but with no evidence of aortic valve disease. 

All carotid studies were performed on an Acuson 128 (Mountain 
View, CA) sonographic unit with either a 5.0- or 7.5-MHz transducer. 
Images were obtained of the common, internal, and external carotid 
arteries. Doppler waveforms and velocity measurements were ob- 
tained at three levels in the common and internal carotid arteries and 
at one site in the external carotid artery. The Doppler angle of 
incidence was assigned parallel to the direction of blood flow in the 
segment of vessels being insonated, and was always less than 70°. 
Echocardiograms were obtained with an Irex Meridian (Ramsey, NJ) 
sonographic unit with a 3.5-MHz imaging/2-MHz Doppler transducer. 
Patients were imaged from the parasternal and apical windows in the 
90° left lateral decubitus position. Pulsed Doppler mapping of the 
width of the aortic regurgitant jet and depth of jet penetration into 
the left ventricle was performed in the parasternal short- and long- 
axis projections. Regurgitation was graded as mild (diastolic flow at 
or just below aortic valve), moderate (jet as far as the anterior mitral 
leaflet), or severe (jet beyond mitral leaflet into left ventricular apex). 

All carotid sonograms were reviewed, and a consensus was 
reached by two experienced radiologists. The nature and severity of 
the valvular disease was not known to the reviewers. A team of 
cardiologists interpreted the echocardiograms, and their final consen- 
sus report served as the basis for case selection. 

The following criteria were used in the determination of the bisfer- 
ious waveform: (1) two distinct systolic peaks separated from a well- 
defined dicrotic notch that served to distinguish systolic from diastolic 
portions of the waveform; (2) height of the second systolic peak equal 
to or greater than the first; (3) presence of this pattern in at least two 
beats of the cardiac cycle; and (4) presence of this pattern in at least 
one vessel (common carotid artery, internal carotid artery, or external 
carotid artery) bilaterally (Fig. 1). Retrograde diastolic flow was con- 
sidered present if the duplex tracing was below the zero baseline for 
more than 50% of the duration of diastole. 


Results 


A total of 13 (50%) of 26 patients with aortic regurgitation 
had bisferious waveforms that met our criteria. Eight (47%) 
of 17 of the patients with mild regurgitation and five (56%) of 
nine with moderate aortic regurgitation had bisferious wave- 
forms. Five patients had retrograde diastolic flow. Three of 
these five had bisferious patterns in addition to reversal of 
diastolic flow (one with mild aortic regurgitation and moderate 
stenosis, one with mild regurgitation and severe stenosis, and 
one with moderate regurgitation and moderate stenosis). Two 
had diastolic flow reversal without bisferious patterns. Both 
of these patients had moderate aortic regurgitation without 
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Fig. 1.—Bisferious waveform 
with two systolic peaks. 

A, Diagram shows two systolic 
peaks (P1, P2) separated by mid- 
systolic retraction (SR). ON = di- 
crotic notch; S1 = first heart 
sound, due to atrioventricular 
valves closing and pulmonic and 
aortic valves opening; S2 = sec- 
ond heart sound, due to aortic 
and pulmonic vaives closing. 

B, Duplex tracing of external 
carotid artery in 50-year-old man 
with moderate aortic regurgita- 
tion. 
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aortic stenosis. A total of 15 patients (57%) had abnormal 
waveforms (bisferious pattern, diastolic reversal, or both). 

Four patients in our study group subsequently had aortic 
valve replacement. All had abnormal waveforms preopera- 
tively (two bisferious with diastolic reversal, one bisferious 
with no diastolic reversal, and one diastolic reversal with no 
systolic abnormality). All had normal waveforms postopera- 
tively (Fig. 2). 

The carotid pattern of one patient with moderate aortic 
regurgitation did have two distinct peaks, but a clearly defined 
dicrotic notch could not be identified; therefore, this case was 
classified as indeterminate (Fig. 3). 

A pattern characteristic of a dicrotic pulse with two peaks 
was identified in the duplex tracing of one patient with mod- 
erate aortic regurgitation and severe aortic stenosis. This 
pattern with one systolic peak and one diastolic peak is 
associated with low stroke volume and low cardiac output 
[13-15]. This patient had a severe dilated cardiomyopathy 
with markedly depressed left ventricular function (ejection 
fraction = 37%). 

Four patients in our study had hemodynamically significant 
carotid stenoses. None of these four had reversal of flow in 
diastole. Two of these patients had no bisferious pattern (one 
with >90% stenosis of the external carotid artery, one with 
50-75% stenosis of the internal carotid artery). One patient 
had an indeterminate waveform (no dicrotic notch, 50-75% 
stenosis of the internal carotid artery). One patient with a 
unilateral 50% stenosis of the internal carotid artery and 
moderate aortic regurgitation had bisferious waveforms in all 
three vessels bilaterally, including the stenotic vessel. 


Discussion 


Our study demonstrates that bisferious pulse and diastolic 
reversal may be demonstrated in the carotid duplex study of 
patients with aortic regurgitation. Our observations have been 
based on the analysis of waveforms in patients with aortic 
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Fig. 2.—Changes in carotid waveform after aortic valvular replacement 
in a 59-year-old man with severe aortic stenosis and moderate aortic 
regurgitation. 

A, Initial duplex sonogram shows both a bisferious pattern and retro- 
grade flow throughout diastole. 

B, Duplex sonogram obtained 8 days after aortic valvular replacement 
shows normal carotid waveforms with a single systolic peak and antegrade 
diastolic flow. 


Fig. 3.—Duplex tracing from a 
78-year-old man with moderate aor- 
tic regurgitation has two distinct 
peaks but no well-defined dicrotic 
notch. This case was characterized 
as indeterminate. 





regurgitation documented by echocardiography. Although 
echocardiography remains the diagnostic examination of 
choice in the evaluation of suspected valvular heart disease, 
studies have shown that up to one third of patients with aortic 
regurgitation may not have an audible murmur and therefore 
escape detection by physical examination alone. Low cardiac 
output may mask significant regurgitation [16, 17]. Mild re- 
gurgitation may be undetected clinically in 20-25% of patients 
with bioprosthetic valves [18]. Because many patients with 
suspected carotid disease are often referred for echocardio- 
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graphic evaluation as well as evaluation by duplex sonogra- 
phy, recognition of these characteristically abnormal pulse 
contours may provide potentially useful information regarding 
central hemodynamics and provide a clue to previously un- 
suspected aortic valvular disease. 

Aortic regurgitation is characterized by reflux of a significant 
volume of blood from the aorta into the left ventricle during 
diastole. This results in a widened pulse pressure (systolic 
pressure — diastolic pressure) and increased stroke volume. 
Left ventricular dilatation and wall thickening occurs. If un- 
treated, deterioration of left ventricular function and conges- 
tive heart failure ensue. Clinical findings include a blowing 
diastolic murmur (due to the regurgitant jet) and harsh systolic 
ejection murmur (turbulent systolic ejection of increased 
stroke volume). 

The carotid pulse contour, as delineated on pressure trac- 
ings, has four distinct phases: upstroke, peak, dicrotic notch, 
and diastolic wave (Fig. 4). The normal upstroke, or rate of 
rise of the pulse, may be increased in hypertrophic cardio- 
myopathy; proximal to a coarctation; in patent ductus arter- 
iosus; in large arteriovenous fistulas; in hyperkinetic states 
such as thyrotoxicosis, pregnancy, fever, and anemia; or by 
aortic regurgitation as a result of increased stroke volume 
and increased aortic runoff. A slow upstroke is associated 
with left ventricular outflow obstruction or severe heart failure 
[15]. 

The normal peak has early and late systolic components, 
representing an early percussion wave followed by a reflected, 
or tidal, wave. In youth the first component is dominant. With 
age, the second component increases in height, giving a more 
sustained peak. In addition, systemic hypertension and ath- 
erosclerosis may produce a sustained peak [15, 19]. The 
normal dicrotic notch occurs at the completion of closure of 
the aortic valve and signifies the onset of diastole. 

The bisferious pulse consists of two distinct systolic peaks, 
separated by a midsystolic retraction. The bisferious pulse is 
characteristic of three clinical entities: aortic regurgitation, 


Fig. 4.—Diagram and duplex 
tracing of normal carotid wave- 
form. 

A, Diagram shows dicrotic 
notch (DN), first heart sound (S1), 
and second heart sound (S2). 

B, Duplex tracing from normal 
45-year-old man. 
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combined aortic stenosis and regurgitation, and severe ob- 
structive hypertrophic cardiomyopathy [2, 15, 20]. The first 
reference to the bisferious pulse contour was published in 
Latin by Galen in 1532. He described a pulse with two 
separate impulses with a quies media ictus—a central pause 
in the stroke. Many theories exist as to the exact mechanism 
of the bifid systolic peak in aortic regurgitation. Some authors 
describe a high initial percussion wave caused by the in- 
creased ventricular stroke volume, which falls off rapidly as a 
result of increased runoff followed by a normal reflected tidal 
wave. Others favor the concept that the rapid ejection of the 
increased ventricular volume that exists in aortic regurgitation 
produces a suction, or Venturi, effect within the aorta, ac- 
counting for the midsystolic retraction (20, 21]. 

In our review, the bisferious pulse contour was most often 
identified in the tracings of the external and common carotid 
arteries. This may be a function of the higher-resistance 
circulation in these vessels compared with that in the internal 
carotid artery (13 bisferious: nine in all three vessels, four in 
common carotid and external carotid arteries). In no patient 
was the pattern seen in the internal carotid artery alone. 

Although four patients in our study had hemodynamically 
significant carotid stenosis, in only one was a bisferious 
waveform demonstrated. Because of these small numbers, 
however, no conclusions can be drawn about the effect of 
carotid artery stenosis on the bisferious pattern. 

The difficulty in differentiating between the dicrotic and 
bisferious patterns without ECG correlation for the timing of 
systole and diastole represents a limitation of our analysis. 
Our study was retrospective; ECG gating is not routinely used 
for carotid arterial evaluations in our institution. Therefore, for 
the purpose of our review, a pulse was considered bisferious 
only if two distinct systolic peaks could be separated from a 
well-defined dicrotic notch, which reliably indicates the closure 
of the aortic valve and denotes the onset of diastole. In only 
one of our 14 patients was a well-defined dicrotic notch not 
present. This case was characterized as indeterminate. 

Flow reversal throughout diastole was present in four pa- 
tients. Although identification of a small postsystolic reversal 
is a normal finding, reverse flow that persists through diastole 
is abnormal and has been described in the carotid arterial 
pressure tracings of patients with aortic regurgitation. The 
same pulse contour has been described in the carotid duplex 
tracings of infants with patent ductus arteriosus [11, 12]. 
Diastolic flow reversal in the heart and aorta has also been 
noted with pulsed Doppler, arteriography, and MR imaging in 
patients with aortic regurgitation [4-7, 9, 22]. 

It is interesting that even mild grades of regurgitation pro- 
duced pulse changes of bisferious and diastolic reversal in 
the carotid arteries, which are remote from the aortic valve. 
Our findings correlate with previous reports from pulsed 
Doppler studies, which noted that the diastolic abnormalities 
persisted at a greater distance from the aortic valve in com- 
bined aortic stenosis and regurgitation than for the same 
degree of regurgitation alone. The explanation for this finding 
is unclear [2]. In our study, both patients with mild aortic 
regurgitation and diastolic reversal had coexistent moderate 
or severe stenosis. 
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Conversely, the absence of a bisferious pattern or diastolic 
reversal of flow does not imply that the valvular defect is 
small. Approximately 30% of patients with severe regurgita- 
tion may not have the characteristic abnormai pulse contours 
[23]. In addition, the amount and duration of diastolic flow 
reversal is known to vary with cardiac output and heart rate 
[4, 21, 23]. While these factors may play a role, no attempt 
was made in this study to correlate abnormal patterns with 
left ventricular function or heart rate. 

In our patients, the size of the second systolic peak was 
quite variable. Our criteria required that both peaks be equal 
in height or the second peak be higher than the first. Adher- 
ence to these criteria excluded the possibility that the systolic 
pulse abnormality represented some form of sustained sys- 
tolic peak, may occur in increasing age, atherosclerosis, or 
systemic hypertension. 

The bisferious waveform and retrograde diastolic flow are 
Doppler patterns associated with aortic valvular disease. Rec- 
ognition of these characteristically abnormal patterns may 
provide potentially useful clinical information and provide a 
clue to previously unsuspected aortic valvular disease. 
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Book Review 





Physics and Instrumentation of Diagnostic Medical Ultrasound. By Peter Fish. New York: Wiley, 250 pp., 1990. 


$34.50 


This excellent text was written primarily for radiologists and resi- 
dents, but most technologists will have no trouble with the material, 
and graduate students in medical physics will find it a good introduc- 
tion to ultrasound theory and practice. The material on physics is 
accurate, and nonessential formulas have been omitted. All the 
concepts are illustrated with line drawings that do a good job of 
explaining complex subjects. The major thrust of the text is to explain 
how sonographic instruments work, and in this it succeeds admirably. 
Rearrangement of the conventional order of ultrasound texts is quite 
successful. For example, spatial peak, temporal average (SPTA) 
intensity is defined in chapter 2, when energy, power, and intensity 
are defined, rather than at the end of the text in the chapter on 
bioeffects. Frequency spectra also are defined in chapter 2, rather 
than in the chapter on Doppler imaging, so that the term can be used 
naturally when transducer performance is discussed. 

Although this text is written more simply than U/trasound Physics 
and Instrumentation by Hykes, Hedrick, and Starchman, it covers a 
great deal more material and will be more useful to radiologists and 
ultrasound technologists. Peter Fish also wrote a chapter on Doppler 
imaging in Physical Principles of Medical Ultrasonics, edited by C. R. 
Hill, but that chapter was addressed to engineers and ultrasound 
physicists. It scarcely overlaps with the two chapters on Doppler 
imaging in this text, which emphasize how Doppler instruments work 
and what they can be used to measure Clinically. Although the first 
chapter on Doppler imaging is rather conventional and implies a red- 
blue artery-vein assignment in the section on color flow imaging, 
chapter 12, on Doppler measurements, is unique in its coverage of 
all the indexes, ratios, and analysis techniques currently provided by 
duplex Doppler instruments. In addition, this chapter warns of inac- 
curacies caused by transducer frequency spectrum, sample volume 
placement, angle correction, wall filters, and other complexities not 
always discussed in other texts. 


Although chapters on A- and B-mode scanning precede a chapter 
on real-time scanning, and the reader may be tempted to skip them 
because they are outmoded and of historical interest only, they are 
necessary introductions to the chapter on real-time scanning. This 
last chapter introduces phasing by first discussing annular arrays 
rather than linear arrays, the more conventional introduction to this 
subject. However, elevation (or slice thickness) focus is barely men- 
tioned here, but is described extensively in the chapter on artifacts. 
Electronic focusing covers apodization, aperature control, curved 
linear arrays, and transmit-and-receive focusing. 

The last four chapters are rather special because they cover digital 
techniques (such as pre- and postprocessing, interpolation), image 
artifacts, quality control phantoms, and bioeffects. The chapter on 
bioeffects covers heating, mode conversion, streaming, stable and 
transient cavitation, and nonlinear effects of ultrasound. A short 
section on experiments on bioeffects is followed by a review of 
measurements of radiation force balance and intensity. The chapter 
ends with safety recommendations and the ranges of intensity and 
pressure in commercially available instruments (Table 16.2). This 
chapter can stand alone and could be distributed to physicians in 
fields associated with ultrasound to inform them of the concern, 
experimentation, and problems associated with bioeffects dosimetry. 

Nine useful appendixes end this text. In addition to explanations 
of how cathode ray tubes and filters work, numerical examples of 
ultrasound formulas are placed in the appendixes rather than inter- 
rupting the text. The index is complete, so that this book can be 
used as a reference as well as a teaching text. 


Carolyn Kimme-Smith 
University of California, Los Angeles 
Los Angeles, CA 90024 
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Perspective 





Radiologic Physics Instruction for Diagnostic Radiologists: 
A Survey of Residency Programs 


Committee on Training of Radiologists,’ American Association of Physicists in Medicine 


A survey concerning physics instruction in radiology resi- 
dency training programs was conducted by the Committee 
on Training of Radiologists of the American Association of 
Physicists in Medicine (AAPM). A previous survey of radiolo- 
gists’ overall impression of the quality and inclusiveness of 
their physics instruction during their residencies was con- 
ducted by this committee [1]. The present survey was thought 
to be necessary to compare residents’ impressions of their 
physics instruction with the curricula of existing programs. 
Toward that end, a list of 250 radiology training programs 
was obtained from the American College of Radiology. The 
survey was mailed to the programs with a cover letter re- 
questing that the survey be forwarded to the person who is 
in charge of physics instruction. Ninety-nine programs re- 
sponded. 

The survey consisted of 20 questions covering the areas 
of general program information (e.g., demographics, program 
specialties), curriculum, background of instructors, and use 
of instructional materials. Respondents were invited to submit 
written comments and suggestions also. 


Results 


The full text of the survey and tabulation of responses is 
available from the American Association of Physicists in Med- 
icine (AAPM) Committee on Training of Radiologists. The 
results are summarized here. 


Received November 26, 1990; accepted after revision March 4, 1991. 


Program Information 


Fifty-three percent of the programs were university based, 
44% hospital based, and 3% clinic based. The mean number 
of residents in each year of residency was four, with a staff 
consisting of 17 radiologists, three physicists, and three 
“other” scientists/professional staff. Seventy-three percent 
listed their physics instruction program specialty as diagnos- 
tic, with only 5% specializing in nuclear medicine. The remain- 
ing 22% listed both. 


Curriculum Information 


An average of 41 classroom (didactic) hours were reported. 
The typical program consisted of 1-2 meetings per week for 
1.3 hr (usually 12:00 noon or 4:00 p.m. on a Monday) with 
82% requiring mandatory attendance during the first post- 
graduate year, 70% for the second year, 65% for the third 
year, and 27% for the fourth year. Classroom hours dropped 
to a mean of 18 during the fifth postgraduate year. Mean 
number of laboratory hours varied more than didactic hours 
during training, with a high of 12 hr in nuclear medicine physics 
and 6 hr in diagnostic radiologic physics both occurring in the 
second postgraduate year. Homework problems were as- 
signed in 45% and regular tests were given in 48% of the 
responding programs. Residents’ overall performance in the 
course was graded in 27% of the programs. 


* The members of the committee are Wei-Kom Chu, Karen P. Doppke, Lance V. Hefner, Pavel V. Houdek, David S. Marsden (chair), Richard L. Morin, William 
Paviicek, E. Russell Ritenour, Alan H. Schoenfeld, Raymond K. Wu, F. Marc Edwards (consultant), and Lincoln B, Hubbard (ex-officio). Address reprint requests to 
Executive Officer, American Association of Physicists in Medicine, 335 E. 45th St., New York, NY 10017. 
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A special physics review course was given in-house before 
the American Board of Radiology examinations in 66% of the 
programs. Lasting 1.5 hr, 1 day per week, the typical review 
course began June-August and ended August-September. 
Residents in 94% of the programs attended off-site review 
courses. 


Physics Course Instructors 


The primary physics instructor was certified in either diag- 
nostic or radiologic physics by the American Board of Radiol- 
ogy. The mean number of physics instructors included two 
Ph.D. physicists, one M.S. physicist, one radiologic technol- 
ogist, and two M.D.s with 8-15 years experience for each 
instructor. The relative extent of involvement of each category 
of instructor was not surveyed. 


Instructional Materials 


Handouts were the most frequently used materials (72%) 
with specific mention of the Radiological Physics Examination 
(RAPHEX), produced by the Radiological and Medical Physics 
Society of New York, in 68% of the responses. High on the 
list of materials that were never used were live video (92% 
never used it), audiovisual series (Society of Nuclear Medicine, 
76% never used it; Radiological Society of North America, 
59% never used it), and videotape (47% never used it). 


Comments and Suggestions of Respondents 


Respondents were invited to submit written statements as 
suggestions for improvements of physics instruction or under 
the heading General Comments. A total of 48 statements 
were received, the full text of which is available from the 
AAPM Committee on Training of Radiologists. Most of the 
suggestions for improvement concerned the need for regular 
attendance (seven responses); the need to teach basic prin- 
ciples that directly affect image quality, such as spending less 
time on radiobiology (six responses); and the need for high 
quality, standardized teaching materials (nine responses). 
These suggestions reflect the perceptions of the person in 
charge of physics instruction, who is usually a physicist. 


Conclusions 


As with any survey, the results are a reflection of the 
responding population and not necessarily of the parent pop- 
ulation of residency programs, although the 40% response 
rate and the breakdown of the respondents’ programs into 
university-, hospital-, and clinic-based programs suggests an 
appropriate representation. Also, the committee has no way 
of knowing whether the survey response represents a thor- 
ough evaluation of details of the program or a momentary 
estimate from the respondent. For example, the year-by-year 
breakdown of classroom hours during residency may not 
have been accurate horizontally (i.e., as a breakdown of hours 
spent for each postgraduate year), but the committee feels 
that the vertical breakdown of hours spent in different subject 
areas is a reasonable representation of the distribution of 
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lecture hours in the program. For example, computer science 
was reported to occupy 4% of the time devoted to classroom 
hours. 

This survey is not intended to serve as an evaluation of the 
performance of training programs. Rather, it provides some 
objective information concerning existing programs that can 
be compared with statements of need that have been made 
[1]. 

Results of the previous survey [1] of radiologists who had 
recently completed their residencies indicated the perception 
of a need for more practical instruction, particularly in the 
areas of dosimetry of patients and evaluation of equipment. 
Although these categories were not specified in the present 
survey, the comments from physics program directors seem 
to echo those of the radiologists. 

Radiologists in the previous survey also expressed a great 
deal of interest in increasing the amount of time devoted to 
“teaching with images” or at least correlating physics princi- 
ples with images. The fact that audiovisual materials were not 
generally used by the programs surveyed may indicate a need 
for further development in this area or at least more promotion 
of existing materials. The radiologists’ survey also indicated 
a need for more coverage of computers. The current survey 
indicates that the subject of computers currently takes up 
approximately 4% of didactic hours. Although percentage of 
class time is not an indication of the quality of instruction, it 
is interesting to note that neither computers nor display 
stations were mentioned as teaching materials although they 
may have figured into the 4-6 hr of laboratories/demonstra- 
tions. Evaluation of the efficacy of various teaching materials 
was not within the scope of this survey. A common theme in 
the surveys of radiologists and residency programs was a 
desire for more standardized teaching materials. Again, this 
may indicate a need for development of materials that should 
be met by various organizations, or it may indicate a need for 
more promotion of existing materials such as The Physics of 
Diagnostic Radiology: Syllabus and Study Guide, produced 
jointly by the American College of Radiology (ACR) Physics 
Commission and the American Association of Physicists in 
Medicine, and the ACR Physics Film Teaching Files. In any 
case, the results of this survey indicate that physics instruc- 
tion encompasses a significant time commitment during ra- 
diology residency programs. The level of satisfaction of both 
instructors and residents varies widely, but a number of 
avenues for improvement are recognized by both groups. It 
is hoped that the results of this survey, when correlated with 
the perceptions of radiologists about their training collected 
in the previous survey, may provide useful, conjectural infor- 
mation to training programs. 
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Letters 





Diaphragmatic Rupture Due to Blunt Trauma: 
Sensitivity of Plain Chest Radiographs 


The article by Gelman et al. [1] describes various important findings 
seen with diaphragmatic rupture. Although informative, it uses the 
term “elevation of hemidiaphragm” as one of the findings associated 
with diaphragmatic rupture. Of course it is not the diaphragm but the 
lung base that is elevated (the diaphragm has been ruptured). This 
term is commonly misused in radiology practice. For example, often 
when someone is referring to the possibility of subpulmonic pleural 
effusions, elevated hemidiaphragm is used; again, of course, it is not 
the diaphragm that is elevated but the lung base. On chest radio- 
graphs, the location of the diaphragm can only be inferred on the 
basis of air in adjacent lung. If the lung base is elevated, an elevated 
diaphragm is only one of numerous possible causes, including dia- 
phragmatic rupture and hernia, subpulmonic pleural effusion, subdia- 
phragmatic process, and even diaphragmatic mass. Communication 
is one of the greatest responsibilities of radiologists, and using 
terminology that is as anatomically correct as possible indicates 
radiologists’ thorough understanding of the films they are interpreting 
and improves credibility of radiologists to other physicians. When a 
lung base is elevated, it should be described as such, and a differential 
diagnosis that can include elevated diaphragm should be given. 

Myron D. Kirshenbaum 
lllinois Masonic Medical Center 
Chicago, IL 60657 


REFERENCE 


1. Gelman R, Mirvis SE, Gens D. Diaphragmatic rupture due to blunt trauma: 
sensitivity of plain chest radiographs. AJR 1991;156:51-57 


Reply 


We appreciate the comments of Dr. Kirshenbaum on our article [1]. 
Of course, he is correct when he reminds us that it is actually the 
lung base that is elevated when the diaphragm is ruptured. The 
elevation of the lung base is the result of herniation of abdominal 
viscera through the diaphragmatic defect. This causes the “pseudo- 
diaphragm effect” [2] on plain radiographs, where elevation of the 
apparent hemidiaphragm is visualized. The term “elevated lung base” 
is technically correct, but we prefer to use the term elevated apparent 


hemidiaphragm for routine reporting, as we find that our physicians 
understand this term and its implications. 

Russel Gelman 

Stuart E. Mirvis 

David Gens 

University of Maryland Medical System 

Baltimore, Maryland 21201 
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Bottle Cap Ingestion 


| wish to amplify the observation of Brandser and Smith [1] that 
the childproof caps on medicine bottles can become esophageal 
foreign bodies. A 62-year-old man had the habit of placing all his pills 
on a bottle cap and then using the cap to throw the pills to the back 
of his throat for ingestion. He had done this many times. On the day 
of admission, he inadvertently lost hold of the cap and swallowed it 
along with his pills. This caused a sticking sensation in the throat and 
some difficulty in swallowing. A lateral soft-tissue view of the neck 





A 


Fig. 1.—A and B, Frontal (A) and lateral (B) spot films from a barium 
swallow show pill-bottle cap lodged in lower hypopharynx. 
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and a subsequent barium swallow (Fig. 1) confirmed the presence of 
the pill cap in his hypopharynx. The cap was removed via endoscopy, 
and the patient was discharged the next day. In this particular case, 
the patient had ingested the entire cap, which did not have an inner 
plastic liner. 
This case illustrates once again the risk involved if someone uses 
a pill cap or similar small object to help him or her swallow several 
pills at one time. An inner plastic liner may dislodge from the main 
part of the cap as discussed in the previous report [1], or the patient 
may swallow the entire cap as illustrated by this case. Patients should 
be encouraged to swallow their pills one at a time. If they feel the 
need to ingest several pills all at once, they should be advised to use 
something safe, such as a teaspoon or a tablespoon. 
Tim B. Hunter 
Arizona Health Sciences Center 
Tucson, AZ 85724 


REFERENCE 


1. Brandser E, Smith C. Childproof cap on medicine bottles as risk for 
esophageal foreign body (letter). AJR 1991,156:201 


Reply 


The habit of using bottle caps for pill ingestion may be quite 
widespread. This practice can have potentially dangerous conse- 
quences, as illustrated by our case and the case of Dr. Hunter. 

Again, we think that the practice of using medicine bottle caps for 
the ingestion of medication should be discouraged. 

Eric Brandser 

Claire Smith 

Rush-Presbyterian-St. Luke's Medical Center 
Chicago, IL 60612 


Gallbladder Function in Patients with Spinal Cord 
injury 


in “Gallbladder Contractility in Patients with Spinal Cord Injuries: A 
Sonographic Investigation” [1], which appeared in the March 1990, 
issue of AJR, Nino-Murcia et al. conclude that gallbladder contractility 
in patients with spinal cord injuries is normal and unchanged from 
that observed in an able-bodied contro! population. We think that the 
conclusions of Nino-Murcia et al. are tenuous and are not supported 
by the data presented in the paper. Their conclusions are inconsistent 
with our current understanding of the impact of spinal cord injury 
(SCI) on the upper gastrointestinal tract [2] and contradict the findings 
of research that has shown significant impairment of gallbladder 
function in patients with cervical SCI (Milne et al., paper presented at 
the annual meeting of the Society of Nuclear Medicine, June 1987; 
Chassin-Kaplan et al., paper presented at the annual meeting of the 
American Spinal Injury Association, May 1988). 

We think that the results and conclusions of Nino-Murcia et al. are 
questionable for the following reasons: (1) It is grossly misleading to 
lump together and homogenize the data obtained from quadriplegic 
and paraplegic subjects. Paraplegic patients with low injuries (T11 
and below) who are likely to have normal gallbladder function and 
gastric emptying made up 25% of the paraplegic population and 15% 
of the total SCI study group. Small but significant differences between 
quadriplegic patients and able-bodied controls or paraplegic subjects 
could thus easily be obfuscated, resulting in the acceptance of a false 
null hypothesis and the commission of a type Il error. (2) Studying a 
single SCI population composed of both patients with new injuries 
and patients with chronic injuries of more than 1 year duration as 
Nino-Murcia et al. did can be both incorrect and misleading. (3) The 


AJR:157, August 1991 


completeness of the SCI in any subject is never given. A simple 
grading system is not applied, and the number of subjects with 
incomplete SCI, and thus with potentially normal or only minimally 
impaired gallbladder function, is not recorded. Data from these pa- 
tients would, of course, only serve to “normalize” the SCi group and 
obscure any true differences. Again, a type ll error would have been 
committed. (4) Serial sonography has not been unequivocally estab- 
lished as the most accurate and reproducible method of assessing 
gallbladder emptying or contractility. Changes in estimates of gall- 
bladder volumes based on sonographic findings do not reflect gall- 
bladder volumes as accurately as does cholescintigraphy, nor does 
sonography at 10-min intervals for only 60 min adequately show 
closely spaced or delayed changes in motility or emptying. (5) Using 
the ellipsoid method, an assumption-rich, geometric computation, to 
calculate gallbladder volumes has not been validated in patients with 
SCI and thus may be misleading. (6) The text is inconsistent in 
accounting for the total number of paraplegic patients with injury 
below T10. Two such paraplegics are inexplicably lost from the study 
between the first paragraph of page 522, line 8, and the fourth line 
of the third paragraph of the Discussion section (page 522). Although 
the total number of SCI patients remains at 26, only two patients are 
now reported as having injuries below T10, and a 50% decrease in 
the number of the paraplegic patients apparently has taken place. On 
which sample population of paraplegics were the authors’ calculations 
and conclusions based? 

In summary, we remain unconvinced that gallbladder contractility 
is normal in SCI patients and solicit comments from Nino-Murcia et 
al. and, if possible, from the reviewers on our interpretation or 
understanding of this study. 

Jack L. Segal 

Norah Miine 

University of California, Irvine 
Irvine, CA 92717 

Veterans Affairs Medical Center 
Long Beach, CA 90822 
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Reply 


We would like to respond to the questions Drs. Segal and Milne 
have raised, in the order in which they were raised. (1) We reanalyzed 
our data excluding the four low lesions. The mean galibladder resting 
volume of patients with spinal cord injury (SCI) was 20 ml (SE = 2.3), 
which was significantly different from the mean resting volume of the 
normal control group (p = .01). The mean galibladder residual volume 
of SCI patients was 10 mi (SE = 1.0); this was not significantly 
different from that of the normal control group (p = .61). The mean 
emptying time of the gallbladder in SCI patients was 43 min (SE = 
3.3); this was not a significant difference from the normal control 
group (p = .31). Thus, SCI patients do not show significant differ- 
ences in gallbladder contractility from a normal population. The ob- 
served difference in the ejection fraction reflects the lower resting 
gallbladder volume in SCI patients [1]. Great care was taken to 
minimize a type Il error. The experimental design using matched 
controis, and the number of patients studied was specifically selected 
to achieve 95% power (beta error = 0.05) for a 5% one-tailed test, 
with a critical effect size of 0.4. Such a critical effect size roughly 
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corresponds to a minimal difference of about 3 ml in gallbladder 

volume and 10 min in emptying time, numbers that are well within 1 

SD of the measured normal mean values. (2) Damage to the auto- 

nomic nervous system becomes stable within 6 months of the injury. 

Thus, using patients whose injuries occurred 6 months or more before 

the study is scientifically correct. (3) All SCI patients had complete 

lesions. (4) The key parameter with respect to our measuring system 

is its reproducibility, not its absolute accuracy, as our experimental 

design included a matched control group. Only the “relative” observed 

differences in measured changes in volume are important; actual 

absolutely accurate determinations of volume are unimportant. The 

published literature [2, 3] supports this view of the reproducible 

Standard in using sonography to measure gallbladder volumes. (5) 

We have no reason to suspect that using sonography to measure 

gallbladder volume would be any different in SCI patients than in the 

normal population or in any other patient. (6) Drs. Segal and Milne 

did detect a typographic error: The number of patients with lesions 
below T10 was four, not two. 

For these reasons, we stand by our conclusions as stated in the 

Original article [1]. 

Matilde Nino-Murcia 

Inder Perkash 

Stanford University Medical School 

Stanford, CA 94305 

Veterans Affairs Medical Center 

Palo Alto, CA 94304 

Paul J. Chang 

University of lowa Hospital and Clinics 

lowa City, IA 52242 

and colleagues 
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Primary Liver Lymphoma: A Diagnostic Dilemma 


Only 53 cases of primary lymphoma of the liver have been reported 
[1]. These lesions usually are misinterpreted as hepatocellular carci- 
noma, hepatoblastoma, or metastasis. Primary lymphoma of the liver 
is not suspected until it is proved by biopsy. In our experience, 
primary lymphoma of the liver should be suspected when a patient 
has increased serum levels of liver enzymes, normal serum levels of 
alpha-fetoprotein and carcinoembryonic antigen, and CT findings of 
one or two nonenhancing hypodense lesions in the liver. We describe 
a case that illustrates this point. 

A 53-year-old man had had nausea, vomiting, right-sided abdomi- 
nal pain, and hepatomegaly for 1 month. Serum levels of liver en- 
zymes were elevated: aspartate aminotransferase (SGOT), 124 IU/I; 
alanine aminotransferase (SGPT), 79 IU/I; and alkaline phosphatase, 
270 King-Armstrong units/dl (1917 U/I). Serum levels of alpha-feto- 
protein and carcinoembryonic antigen were normal. CT showed two 
well-defined, hypodense, nonenhancing lesions in the liver (Fig. 1). 
Needle biopsy showed diffuse non-Hodgkin lymphoma of the poorly 
differentiated lymphocytic type. The patient had a good response to 
combination chemotherapy. 
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Fig. 1.—CT scan with contrast 
material shows two large, well- 
defined, hypodense, nonenhanc- 
ing hepatic lesions. 





The differential diagnosis of lesions with this appearance on CT 
includes hepatocellular carcinoma, hepatoblastoma, and metastasis 
from an unknown primary tumor [2]. Neither CT nor MR imaging has 
been helpful in differentiating, with certainty, these conditions from 
primary lymphoma of the liver [3]. Moreover, the results of pathologic 
examination of biopsy specimens of primary or large cell lymphomas 
can be misinterpreted. Occasionally, frozen sections have artifacts 
that distort large cell lymphoma so that it assumes a carcinomatous 
appearance [2]. As in our case, most cases of primary lymphoma of 
the liver have discrete masses without significant variation in atten- 
uation values or other intrinsic characteristics [4]. The detection of 
such lesions on CT scans in the clinical setting described here 
suggests the diagnosis of primary lymphoma of the liver. 

C. Mohan 

S. S. Alurkar 

O. P. Sharma 

S. H. Advani 

Tata Memorial Hospital 
Bombay 400 012, India 
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Doppler Sonography in Osler-Weber-Rendu 
Disease 


Osler-Weber-Rendu disease, or hereditary hemorrhagic telangi- 
ectasia, is a vascular disease with autosomal dominant transmission. 
Hepatic involvement is characterized by telangiectases. We report 
the duplex Doppler findings in the liver in a case with extensive 
telangiectases. 

A 46-year-old woman was admitted because of cardiac failure. 
Physical and radiologic examinations showed pulmonary arteriove- 
nous fistulas and multiple gastrointestinal telangiectases. The diag- 
nosis was Osler-Weber-Rendu disease. Results of liver function tests 
were as follows: alkaline phosphatase, three times higher than the 
normal upper limit; y-glutamyltransferase, eight times higher than the 
normal upper limit; and alanine and aspartate aminotransferases. 
three times higher than the normal upper limits. Abdominal sonogra- 
phy showed a dilated hepatic artery (12 mm in diameter) with numer- 
ous tortuous intrahepatic branches and dilated hepatic veins. The 
portal vein was normal. Duplex sonography showed a high velocity 
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Fig. 1.—Osler-Weber-Rendu disease. 

A, Doppler waveform of hepatic vein shows high-velocity signal. 

B, CT scan with contrast medium shows dilated left hepatic artery 
(straight arrow) with dilated intrahepatic arteries and early enhancement 
of hepatic veins (curved arrows). 


signal in the hepatic artery. Portal flow was normal. The hepatic veins 
had an “arterialized” pattern, with abnormal peaks indicating the 
communication between the hepatic arteries and the hepatic veins 
(Fig. 1A). CT and hepatic angiography confirmed the hepatic arteri- 
alization and the arteriovenous fistulas by showing simultaneous 
enhancement of the arteries and the hepatic veins (Fig. 1B). 

Osler-Weber-Rendu disease is a vascular disease with multiple 
manifestations. The most frequent localizations are the skin and 
mucosa, but all organ systems may be involved. The liver involved 
more often than was suspected originally [1]. The vascular abnor- 
malities include telangiectases and arteriovenous fistulas, sometimes 
associated with fibrosis and cirrhosis [1-3]. Sonographic findings in 
the liver consist of dilated common hepatic artery, multiple ectatic 
vascular structures with pulsations, and dilated hepatic veins [4]. 
Although these sonographic findings suggest vascular disease, du- 
plex Doppler imaging can be used to confirm the diagnosis. Duplex 
Doppler sonography shows high velocity signal in the hepatic artery, 
with increased arterial hepatic output; arterial signal in the intrahepatic 
vascular structures; and abnormal high velocity signal in the hepatic 
veins. This last finding mimics an arterial flow and confirms the 
arteriohepatic communications. We did not use color Doppler imaging 
in this case, but it can be helpful by showing high color signal in the 
extrahepatic and intrahepatic arteries and large hyperkinetic hepatic 
veins. 

In conclusion, conventional and Doppler sonography can be used 
to diagnose hepatic involvement in Osler-Weber-Rendu disease. So- 
nography shows large and numerous arteries and dilated hepatic 
veins. Doppler sonography gives information on increased arterial 
flow, arterial signal in the intrahepatic vascular structures, and ab- 
normal high velocity signal in the hepatic veins. Angiography is not 
necessary if no treatment is indicated. 

Valérie Vilgrain 

Yves Menu 

Henri Nahum 

Hopital Beaujon 

92118 Clichy Cedex, France 
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Bilateral Urinomas in an Adult 


Urinomas associated with renal trauma, iatrogenic injury, ureteric 
obstruction by calculus, neoplasms, renal transplants, and obstruc- 
tion of the bladder outlet caused by posterior urethral valves are well 
known [1]. However, to our knowledge, bilateral urinomas in an adult 
and their association with urethral injury that occurred during partu- 
rition have not been reported previously. 

A large abdominal mass was noted in a 35-year-old woman 2.5 
months after parturition. The mass apparently had originated 1 week 
after parturition. CT scans showed bilateral uniformly hypodense (10 
H) encapsulated masses in the perirenal regions (Fig. 1). No enhance- 
ment of the masses was seen with contrast material. Both kidneys 
showed normal excretion. On sonograms, the mass on the left was 
anechoic; the mass on the right contained multiple linear echoes and 
had a thick, smooth capsule. 

Sonography and CT have often been used to diagnose urinoma 
when pseudonephromegaly has suggested tumor invasion. Other 
entities that must be considered in the diagnosis of perirenal urinomas 
include tumors, hematomas, and abscesses, CT is the most useful 
imaging procedure, particularly if dynamic-phase scans and recon- 
structions in the sagittal and coronal planes are used. Attenuation 
values of urinomas are normally —10 H to 30 H [2], and the atten- 
uation usually is homogeneous as compared with that of abscesses 
and hematomas, which is heterogeneous. CT also gives specific 
information about the precise extent and location of the fluid collection 
and its relationship to the kidneys, ureters, and fascial planes and 
compartments [1]. The indirect evidence of round cell infiltration in 
necrotic fat and adjacent renal fascia that form the perirenal fibrous 
sac, in response to the accumulated urine, is shown better on 
sonograms [3]. 


K. K. Sen 
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Fig. 1.—Bilateral urinomas. 

A, Contrast-enhanced CT scan shows bilateral hypodense encapsulated 
perirenal masses. Mass on right extends from inferior surface of right lobe 
of liver to right iliac fossa, displacing renal parenchyma inferomedially. 
Smaller mass on left displaces left kidney cephalad and anteromedially. 
Capsule of mass on right is slightly thicker than that of mass on left and is 
smooth and shows noticeable enhancement. Ureters are displaced medi- 
ally and bowel loops anteriorly. 

B, Sonogram shows possible secondary infection on left side. 
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Fallopian Tube Nomenclature 


| commend Dr. Thurmond both on her review article [1] on selective 
Salpingography and fallopian tube recanalization and on her original 
contributions to these techniques. | would make one semantic ob- 
servation. 

Throughout her article, and in most recent communications on this 
subject, there is a confusing, and | think incorrect, use of the terms 
proximal and distal as they refer to the fallopian tubes. Almost all 
authors define proximal as the uterine or cornual end of the tube and 
distal as the ampullary, fimbriated, or ovarian end. This is the opera- 
tor's perception during catheterization and injection of contrast me- 
dium. However, even the term retrograde catheterization, used by 
some authors, but not Thurmond, implies that the uterine end of the 
fallopian tube is the distal end. 

Standard medical convention defines proximal and distal vessels 
or ducts not by their proximity to the midline or the cannulating 
instrument, but relative to in vivo physiologic flow. Hence, the proxi- 
mal inferior vena cava is more caudal. A similar problem in nomencla- 
ture arose with the introduction of ERCP (endoscopic retrograde 
cholangiopancreatography), and, after initial confusion, radiologists 
agree that the proximal pancreatic duct is located in the tail of the 
pancreas (where it should be, and always has been). Physiologic flow 
in the fallopian tube is toward the uterus, and unless we take a male 
chauvinistic view regarding sperm movement, the distal end of the 
tube is toward the uterus. 

Ferris M. Hall 

Beth Israel Hospital 
Harvard Medical School 
Boston, MA 02215 
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Reply 


| thank Dr. Hall for taking the feminist point of view. | hope he finds 

it equally refreshing that in this instance | take the male chauvinist 
point of view. 

Amy S. Thurmond 

Oregon Health Sciences University 

Portland, OR 97201 


MR Imaging of Growth Recovery Lines in Fossil 
Vertebrae 


Previous attempts at MR imaging of fossilized bone failed because 
the volume of protons was too small to produce signals strong 
enough for image acquisition and processing. By hydrating the spec- 
imen, we have used MR imaging successfully to study fossil verte- 
brae. 

Vertebrae from a prehistoric dolphin from the Miocene Epoch 
(approximately 12 million years old) from the National Museum of 
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Fig. 1.—A-C, Coronal anterior 
(A), near midline (B), and poste- 
rior (C) MR images through cau- 
dal vertebrae of prehistoric dol- 
phin show spatial relationship of 
circumferential lines and bands. 





Natural History (Vertebrate Paleontology) Washington, DC, were 
Studied. The fossils were hydrated by placing them in a plastic cylinder 
containing 500 mi of water. A 1.0-T (Siemens Magnetom) magnet 
was used with the specimen in a Helmholtz surface coil. Spin-echo, 
proton-density, and T2-weighted sequences (TE 30, 90; TR 2.0: slice 
thickness 4.0 mm; 2 acquisitions; 256 x 256 matrix) were obtained 
in axial and coronal planes. MR images provided sufficient anatomic 
detail to allow diagnosis of transverse lines and bands within the 
bones (Fig. 1). 

Growth recovery lines, frequently referred to as transverse lines. 
growth arrest lines, stress lines, or lines of Park or Harris, have been 
Studied extensively in the human appendicular skeleton [1]. These 
lines cross bone horizontally at right angles to the longitudinal trabe- 
culae and represent a markedly thickened interconnected network of 
trabecular bone. The lines and bands result from resumption of 
growth after an episode of growth cessation. Transverse lines in the 
vertebral column have been studied less well but have been described 
as mimicking osteopetrosis, with a “vertebra within a vertebra” ap- 
pearance [2]. Although the lines may be normal, poor nutritional 
Status during youth and a large variety of other causes have been 
described: infection; metabolic, neoplastic, and vitamin deficiency 
States; and poisoning, by either heavy metals or vitamins. 

False bands and lines of variable thickness representing pseudo- 
pathologic changes also have been described [3]. Fine silt may filter 
into the spongiosa of bone, producing opaque lines, particularly if the 
deposited sediment contains silicon compounds. However, these 
dense compounds are deposited in an irregular pattern and therefore 
lack uniformity in thickness and are not circumferential. Because the 
deposition of artifacts is governed by gravity, the widest of these 
dense lines is found in the most dependent portion of fossilized bone. 
The results suggest that growth recovery bands and lines were 
present in mammals during prehistoric times. If hydration of fossils is 
feasible, MR imaging appears to be useful for detecting skeletal 
abnormalities. 

Jeno |. Sebes 
James W. Langston 
Morris L. Gavant 
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MR of Intraspinal Synovial Cyst: Rim Enhancement 
with Gadopentetate Dimeglumine 


Silbergleit et al. [1] recently described uniform rim enhancement of 
a synovial cyst on MR after administration of gadopentetate dimeglu- 
mine. Pathologically, the cyst wall was composed of fibrous connec- 
tive tissue with numerous vascular foci within it. The peripheral 
enhancement was thought to be caused by the chronic inflammatory 
changes around the synovial cyst. We describe a similar case with 
pathologic confirmation. We think that the cyst wall functions much 
like scar tissue. Gadolinium diffuses rapidly across the rich vascular 
network into the extracellular space through discontinuous epithelial 
membranes, which results in early rim enhancement [2]. 

Our patient, a 50-year-old woman with a history of progressive 
lower back pain had had new right-sided radicular symptoms for 3 
months. The symptoms were confirmed on physical examination. 
Surface-coil MR was performed on a Siemens Magnetom SP 1.5-T 
unit. Routine double-echo (700/15, 2400/45, 2400/90) sagittal and 
short TR/TE (600/15) axial images without and with gadopentetate 
dimeglumine showed a well-defined cystic structure intimately related 
to a degenerative L4-L5 facet joint on the right side. The cyst was 
slightly hyperintense relative to CSF on T1- and T2-weighted images 
and had a hypointense rim that enhanced diffusely after administration 
of contrast medium. A correct preoperative diagnosis of a nonhem- 
orrhagic synovial cyst was made. After total excision of the synovial 
cyst, the patient reported complete resolution of her symptoms. 





Fig. 1.—Intraspinal synovial cyst. 

A, Axial T1-weighted MR image at L4-L5 level shows a heterogeneous 
dorsolateral mass on right intimately related to ligamentum flavum and 
facet joint. Signal intensity of central area of mass is lower than that of 
peripheral aspects. 

B, Gadolinium-enhanced axial T1-weighted MR image at same level as 
A shows diffuse rim enhancement of synovial cyst. 
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Synovial cysts are rare causes of intraspinal extradural masses. 
Most commonly, they arise from degenerative apophyseal joints, in 
particular at the L4-L5 level, and are associated with radicular 
symptoms [3, 4]. Such cysts are more prevalent in females and after 
the age of 50 years [1, 3]. Synovial cysts contain watery or mucinous 
fluid [4]. Nonhemorrhagic synovial cysts may be isointense or hyper- 
intense relative to CSF on spin-pulse sequences [4]. Some authors 
have attributed the hypointense rim to calcification or hemosiderin, 
but more likely it is related to the cyst membrane and surrounding 
inflammatory tissue [3, 4]. 

Differential diagnosis for a cystic dorsal extradural intraspinal mass 
includes extruded disk fragments, cystic neurofibromas, arachnoid 
cysts, and perineural cysts [4]. Rim enhancement with gadopentetate 
dimeglumine of recurrent disk herniation (“wrapped disc’) has been 
shown to be caused by peridiskal fibrosis [2]. 

The noninvasiveness, multiplanar capabilities, and inherent con- 
trast characteristics of MR imaging and the additional information 
provided by the use of contrast medium make MR an optimal imaging 
technique for evaluating spinal lesions. 

Karl S. Chiang 

Ya-Yen Lee 

Michel E. Mawad 

Baylor College of Medicine 
Houston, TX 77030 
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High CT Attenuation Values in Paranasal 
Aspergillosis 


A 14-year-old boy complained that his nose was blocked on the 
left side. He had a history of aspergillosis of the right paranasal 
sinuses and had had surgery for this about 8 months earlier. CT 
showed a soft-tissue mass in the left nasal cavity extending into the 
left maxillary antrum, ethmoid air cells complex, and frontal and 
sphenoid sinuses (Fig. 1). These mass lesions were patchy, with a 
zone of lower attenuation in the periphery. Mucoperiosteal thickening 
was present in some places. No bony destruction was seen. The 
attenuation values of these masses on unenhanced CT scans were 


Fig. 1.—Coronal unenhanced 
CT scan of paranasal sinuses 
shows a heterogeneous soft-tis- 
sue mass with areas of high at- 
tenuation (about 90 H) in left nasal 
cavity and maxillary antrum. Pe- 
ripheral rim of low attenuation 
represents thick mucoperios- 
teum. 
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90-100 H. No significant enhancement was seen after administration 
of contrast material. The diagnosis of recurrence of aspergillosis was 
confirmed histologically after surgery. 

Limited studies have been done on the CT features of paranasal 
aspergillosis. Centeno et al. [1] have described various CT features 
of fungal sinus disease, but the high attenuation values seen in our 
case have not been mentioned before. This finding probably is due 
to the presence of calcium salts in the Aspergillus mycelia, which was 
reported by Stammberger et al. [2]. 

The high attenuation value is an important feature that can be used 
to differentiate a fungal mass from neoplasm. No neoplasms have 
such high attenuation values on unenhanced CT scans. Tumors of 
bone and cartilage can have a high attenuation value, but their 
appearance is different. 

Kamlesh C. Khandelwal 
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Guard for Prevention of Finger-Stick Injuries 
Caused by Stylets 


Because needle-stick injuries are potentially life-threatening events 
[1], | wish to describe a device that can be used to prevent needle- 
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A 


Fig. 1.—Guard for prevention of finger-stick injuries. 

A, Guard protects finger from puncture when stylet is replaced. 

B, Device can be positioned at predetermined depth on needle for 
accurate placement of needle into a particular body space. 


Stick injuries that occur during replacement of the stylet in stylet 
needles. 

The device is made of sterilizable, puncture-proof plastic. It is cone 
shaped, about 3 cm in diameter, and made so that it can be positioned 
at the hub end of the needle. The user's fingers are placed beneath 
the device and are protected from inadvertent needile-stick injuries 
during replacement of the stylet into the needle (Fig. 1A). The device 
can be positioned at a desired depth on the needle to ensure accurate 
placement of the needle into a body space (Fig. 1B). After use, the 
needle and the guard are discarded. Commercial availability in the fall 
is anticipated. 

Andrew M. Singer 

Beth Israel Hospital 
Harvard Medical School 
Boston, MA 02215 
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Pulmonary aspergillosis in the acquired immunodeficiency syn- 
drome. Denning DW, Follansbee SE, Scolaro M, Norris S, Edelstein 
H, Stevens DA (DAS, Santa Clara Valley Medical Center, 751 S. 
Bascom Ave., San Jose, CA 95128). N Engl J Med 324(10):654-662, 
March 1991 


Background and Methods. Symptomatic pulmonary aspergillosis 
has rarely been reported in patients with the acquired immunodefi- 
ciency syndrome (AIDS). We describe the predisposing factors, the 
Clinical and radiologic features, and the therapeutic outcomes in 13 
patients with pulmonary aspergillosis, all of whom had human im- 
munodeficiency virus (HIV) infection and 12 of whom had AIDS. 

Results. Pulmonary aspergillosis was detected a median of 25 
months after the diagnosis of AIDS, usually following corticosteroid 
use, neutropenia, pneumonia due to other pathogens. marijuana 
smoking, or the use of broad-spectrum antibiotics. Two major pat- 
terns of disease were observed: invasive aspergillosis (in 10 patients) 
and obstructing bronchial aspergillosis (in 3). Cough and fever, the 
most Common symptoms, tended to be insidious in onset in patients 
with invasive disease (median duration, 1.3 months before diagnosis). 
Breathlessness, cough, and chest pain predominated in the three 
patients with obstructing bronchial aspergillosis, who coughed up 
fungal casts. Radiologic patterns included upper-lobe cavitary disease 
(sometimes mistaken for tuberculosis), nodules, pleural-based le- 
sions, and diffuse infiltrates, usually of the lower lobe. Transbronchial 
biopsies were usually negative, but positive cultures were obtained 
from bronchoalveolar-lavage fluid or percutaneous aspirates. Dissem- 
ination to other organs occurred in at least two patients, and direct 
invasion of extrapulmonary sites was seen in two others. The results 
of treatment with amphotericin B, itraconazole, or both were variable. 
Ten of the patients died a median of 3 months after the diagnosis 
(range, 0 to 12 months). 

Conclusions. Pulmonary aspergillosis is a possible late complica- 
tion of AIDS; if diagnosed early, it may be treated successfully. 


Effective surgical adjuvant therapy for high-risk rectal carcinoma. 
Krook JE, Moertel CG, Gunderson LL, et al. (CGM, Mayo Clinic, 
Rochester, MN 55905). N Eng! J Med 324(11):709-715, March 1991 


Background. Radiation therapy as an adjunct to surgery for rectal 
cancer has been shown to reduce local recurrence but has not 
improved survival. In a previous study, combined radiation and 
chemotherapy improved survival significantly as compared with sur- 
gery alone, but not as compared with adjuvant radiation, which many 
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regard as standard therapy. We designed a combination regimen to 
optimize the contribution of chemotherapy, decrease recurrence, and 
improve survival as compared with adjuvant radiation alone. 

Methods. Two hundred four patients with rectal carcinoma that 
was either deeply invasive or metastatic to regional lymph nodes 
were randomly assigned to postoperative radiation alone (4500 to 
5040 cGy) or to radiation plus fluorouracil, which was both preceded 
and followed by a cycle of systemic therapy with fluorouracil plus 
semustine (methyl-CCNU). 

Results. After a median follow-up of more than seven years, the 
combined therapy had reduced the recurrence of rectal cancer by 34 
percent (P = 0.0016; 95 percent confidence interval, 12 to 50 
percent). initial local recurrence was reduced by 46 percent (P = 
0.036; 95 percent confidence interval, 2 to 70 percent), and distant 
metastasis by 37 percent (P = 0.011; 95 percent confidence interval, 
9 to 57 percent). In addition, combined therapy reduced the rate of 
cancer-related deaths by 36 percent (P = 0.0071; 95 percent confi- 
dence interval, 14 to 53 percent) and the overall death rate by 29 
percent (P = 0.025; 95 percent confidence interval, 7 to 45 percent). 
Its acute toxic effects included nausea, vomiting, diarrhea, leuko- 
penia, and thrombocytopenia. These effects were seldom severe. 
Severe, delayed treatment-related reactions, usually smnall-bowel ob- 
struction requiring surgery, occurred in 6.7 percent of all patients 
receiving radiation, and the frequencies of these complications were 
comparable in both treatment groups. 

Conclusions. The combination of postoperative locai therapy with 
radiation plus fluorouracil and systemic therapy with a fluorouracil- 
based regimen significantly and substantively improves the results of 
therapy for rectal carcinoma with a poor prognosis, as compared 
with postoperative radiation alone. 


A comparison of surfactant as immediate prophylaxis and as 
rescue therapy in newborns of less than 30 weeks’ gestation. 
Kendig JW, Notter RH, Cox C, et al. IWK, University of Rochester 
Medical Center, Dept. of Pediatrics, Box 651, 601 Elmwood Ave.. 
Rochester, NY 14642). N Engi J Med 324(13):865~871, March 1991 


Background. Exogenous pulmonary surfactants are administered 
into the trachea either to prevent respiratory distress syndrome in 
premature infants or to treat it. In a randomized, multicenter trial, we 
compared the results of surfactant therapy initiated as prophylaxis 
with the results of rescue therapy with surfactant. 

Methods. Before birth, 479 infants with an estimated gestational 
age of less than 30 weeks were randomly assigned to receive 
surfactant as prophylaxis (n = 235) or rescue therapy {n = 244). The 
infants in the prophylaxis group received a 90-mg intratracheal dose 
of an exogenous calf-lung surfactant extract at the time of delivery, 
whereas the infants in the rescue-therapy group received 90 mg of 
the surfactant several hours after delivery if the fractional inspiratory 
oxygen concentration was at least 0.40 or if the mean airway pressure 
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was at least 0.686 kPa (7 cm of water), or both. Infants in both 
groups received additional doses of surfactant at intervals of 12 to 
24 hours if these criteria were met. 

Results. The proportion of infants surviving until discharge to their 
homes was significantly higher in the prophylaxis group than in the 
rescue-therapy group (88 vs. 80 percent, P = 0.028). This difference 
was due primarily to the longer survival of very premature infants 
(<26 weeks’ gestation) in the prophylaxis group than in the rescue- 
therapy group (75 vs. 54 percent, P = 0.006). According to propor- 
tional-hazards regression analysis, the distribution of survival times 
was better for all infants in the prophylaxis group (P = 0.007) and for 
the subgroup of infants in the prophylaxis group who were delivered 
at 26 weeks’ gestation or earlier (P = 0.0048). Infants in the prophy- 
laxis group who were delivered at 26 weeks’ gestation or earlier had 
a lower incidence of pneumothorax than similar infants in the rescue- 
therapy group (7 vs. 18 percent, P = 0.03). 

Conclusions. We found a significant advantage to the administra- 
tion of the initial dose of surfactant as prophylaxis rather than as 
rescue therapy in very premature infants. 


Cancer 


Percutaneous fine-needle aspiration cytologic study of main pan- 
creatic duct stenosis under pancreatographic guidance. Gagnon 
P, Boustiere C, Ponchon T, Valette PJ, Genin G, Labadie M (PG, 
CHUL, Service de Gastroentéroigie, 2705, biv. Laurier, Ste-Foy, 
Québec, Canada G1V-4G2). Cancer 67:2395-2400, 1991 


When pancreatography shows a stenosis of the main pancreatic 
duct in patients with normal or inconclusive ultrasound and computed 
tomography, the exact nature of such stenosis is sometimes difficult 
to precise before surgical exploration. In such cases, the authors 
systematically performed a percutaneous fine-needle aspiration cy- 
tologic study of the stenosis under pancreatographic guidance. Fif- 
teen patients were referred because of suspected pancreatic malig- 
nancy. The tumor markers, carcinoembryonic antigen (CEA) and CA 
19-9 were normal in 11 patients and elevated in one patient, whereas 
only CA 19-9 was elevated in three others. In 14 cases, both the 
ultrasound and computed tomography did not show any obvious 
pancreatic mass. The pancreatography was done through endo- 
scopic retrograde cholangiopancreatography (ERCP) (12 patients) or 
percutaneously in case of failure at ERCP? and showed a main 
pancreatic duct stenosis that underwent aspiration by percutaneous 
fine needle precisely positioned using biplane fluoroscopy. The aspi- 
rated material was then smeared on glass slides, air-dried, and 
stained by Giemsa. In nine of the 15 patients, cytologic study revealed 
adenocarcinoma. This was confirmed by surgery in five and by 
progressive deterioration followed by death in four. In six patients, 
cytologic study gave a nonmalignant result. Chronic pancreatitis was 
found in five of them, confirmed at surgery in three and based on 
uneventful follow-up of at least 12 months in two others. In one case, 
a pancreatic adenocarcinoma not detected by cytologic study was 
found at surgery. Thus, the sensitivity and specificity of this diagnostic 
approach were 90% and 100%, respectively. No serious complication 
was noticed. The authors conclude that when ultrasound and com- 
puted tomography are inconclusive, percutaneous fine-needle aspi- 
ration cytologic study of main pancreatic duct stenosis under pan- 
creatographic guidance is a safe, simple, and helpful procedure in the 
investigation of patients with suspected pancreatic malignancy. 


Reprinted by permission from the American Cancer Society. 


A prospective study of magnetic resonance imaging in lymphoma 
staging. Skillings JR, Bramwell V, Nicholson RL, Prato FS, Wells G 
(JRS, London Regional Cancer Centre, 790 Commissioners Rd. E., 
London, Ontario, Canada N6A 4L6). Cancer 67:1838-1843, 1991 


In this prospective study, magnetic resonance imaging (MRI) was 
compared with computed tomography (CT) in patients with non- 
Hodgkin's lymphoma (NHDL), and with CT and laparotomy in patients 
with Hodgkin’s disease (HD). Among 31 patients with NHDL, there 
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was agreement between MRI and CT findings in 21 patients; MRI 
findings were positive and CT findings were negative in 8 patients; 
and MRI findings were negative and CT findings were positive in 2 
patients. The false-negative findings of MRI included a laparotomy- 
proven mesenteric mass and a 6.6-cm lesion in the spleen, both 
shown by CT. In 13 evaluable patients with HD, there was agreement 
between MRI and laparotomy findings in 8 patients; MRI findings 
were positive and laparotomy findings were negative in 4 patients; 
and MRI findings were negative and laparotomy findings were positive 
in 1 patient. CT findings agreed with laparotomy findings in nine 
patients; CT findings were positive and laparotomy findings were 
negative in one patient; and CT findings were negative and laparot- 
omy findings were positive in three patients. This suggested that 
MRI, although more sensitive than CT, was less specific with more 
false-positive findings. The spin-lattice relaxation time (T1) for the 
spleen was generally higher in patients with HD who had pathologi- 
cally confirmed splenic involvement, and tended to increase with 
increasing spleen weight. This study was performed on a prototype 
0.15 Tesla (Technicare inc., Solon, OH) resistive unit at at time when 
methods and reporting for MRI were still being developed. Although 
MRI appears to have fewer false-negative findings than CT in evalu- 
ating the abdomen of lymphoma patients, the lack of a gastrointestinal 
contrast agent and specificity of T1 elevations in the spleen would 
not suggest that MRI could replace CT or laparotomy as a staging 
technique. 


Reprinted by permission from the American Cancer Society. 


Second cancers following non-Hodgkin’s lymphoma. Travis LB, 
Curtis RE, Boice JD Jr, Hankey BF, Fraumeni JF Jr (LBT, Executive 
Piaza North, Ste. 408, National Cancer Institute, Bethesda, MD 
20892). Cancer 67:2002-2009, 1991 


The risk of second malignancies following non-Hodgkin's lym- 
phoma (NHL) was estimated in 29,153 patients diagnosed with NHL 
between 1973 and 1987 in one of nine areas participating in the 
National Cancer Institute's Surveillance, Epidemiology, and End Re- 
sults Program. Compared with the general population, NHL patients 
were at a significantly increased risk of developing second cancers 
(observed/expected [O/E] = 1.18; O = 1231). The O/E ratio increased 
significantly with time to reach 1.77 in 10-year survivors. Significant 
excesses were noted for acute nonlymphocytic leukemia (O/E = 
2.88), cancers of the bladder (O/E = 1.30), kidney (O/E = 1.47), and 
lung (O/E = 1.57), malignant melanoma (O/E = 2.44), and Hodgkin's 
disease (O/E = 4.16). Chemotherapy appeared related to subsequent 
acute nonlymphocytic leukemia (ANLL) and bladder cancer. Radiation 
therapy was associated with ANLL and possibly cancers of the lung, 
bladder, and bone. Malignant melanoma was not clearly related to 
initial NHL treatment. 


Reprinted by permission from the American Cancer Society. 


Cost-effectiveness analysis of mass screening for breast cancer 
in Japan. Okubo |, Glick H, Frumkin H, Eisenberg JM (JME, Dept. of 
Medicine, 3400 Spruce St., Philadelphia, PA 19104). Cancer 
67:2021~-2029, 1991 


The official Japanese recommendation for breast cancer screening 
is physical examination by a physician, in contrast to US recommen- 
dations of mammography. in this analysis of breast cancer screening, 
the authors used Japanese data in a cost-effectiveness model to 
compare the following five strategies: (1) no screening (N); (2) physical 
examination alone (PE); (3) mammography (MG); (4) PE followed by 
MG if PE findings were abnormal (PE —» MG); and (5) PE combined 
with MG for all screened women (PE + MG). None of these programs 
would save medical expenditures. The total discounted net costs per 
patient (in US dollars) were as follows: N, $54; PE, $412; MG, $517; 
PE — MG, $340; and PE + MG, $731. The number of years of life 
saved per cohort of 100,000 asymptomatic Japanese women would 
range from 708 (PE — MG) to 3724 (PE + MG). The additional costs 
of each strategy (compared with N) per additional year of life would 
be $49,700 for PE, $40,400 for PE — MG, $14,300 for MG, and 
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$18,200 for PE + MG. The least costly screening option (PE — MG) 
does not have the lowest cost per additional year of life saved (MG 
does). MG would be preferable to the current Japanese recommen- 
dation of PE alone. 


Reprinted by permission from the American Cancer Society. 


Chest 


High-resolution ultrafast chest CT in the clinical management of 
febrile bone marrow transplant patients with normal or nonspe- 
cific chest roentgenograms. Barloon TJ, Galvin JR, Mori M, Stanford 
W, Gingrich RD (TJB, Dept. of Radiology, University of lowa Hospital, 
lowa City, IA 52242). Chest 99:928-933, April 1991 


Plain chest roentgenograms may be normal or show nonspecific 
abnormalities during the frequent febrile episodes that occur in pa- 
tients after bone marrow transplantation. In this group, ultrafast 10- 
mm and 3-mm high-resolution CT scans were prospectively per- 
formed in 33 patients to determine if useful information was provided 
that either changed the patient's clinical management or added 
confidence to the clinical diagnosis. The 36 symptomatic episodes 
that occurred in 33 patients included fever in 20 episodes and fever 
combined with cough, dyspnea, chest pain, or rales in 16. Fourteen 
chest roentgenograms were interpreted as normal, and 22 were 
interpreted as demonstrating nonspecific changes; however, none of 
the roentgenograms was considered helpful in that they did not 
provide sufficient information for further management. In 2 of 14 
episodes in patients with normal chest roentgenograms and in 9 of 
22 episodes in patients with nonspecific chest roentgenograms, CT 
scanning resulted in a change in clinical management that included 
performing bronchoscopy, increasing or changing antibiotic coverage, 
starting white blood cell transfusions, requesting surgical biopsy, or 
a combination of these. in 1 of 14 episodes in patients with normal 
chest roentgenograms and in 8 of 22 episodes in patients with 
nonspecific roentgenograms, CT added confidence to the diagnosis. 
In the remaining 16 episodes, CT scans provided no additional 
information. We conclude that in many instances, noncontrast ultra- 
fast chest CT scans can provide information that may either change 
a patient's clinical management or more clearly establish the extent 
of pulmonary disease. 


Gastroenterology 


Cancer surveillance in ulcerative colitis. Nugent FW, Haggitt RC, 
Gilpin PA (FWN, Dept. of Gastroenterology, Lahey Clinic Medical 
Center, Burlington, MA). Gastroenterology 100:1241-1248, 1991 


During a 13-year period, 213 patients with ulcerative colitis who 
had no clinical or endoscopic evidence of colonic carcinoma were 
enrolled in a biopsy surveillance program for dysplasia and carcinoma. 
The aims of the study were to determine whether such a program 
could decrease the cancer risk in this group of patients, to determine 
whether patients with a low risk of carcinoma could be identified, 
thus enabling them to retain their colon, and to accomplish these 
goals with a reasonable expenditure of resources. Eighteen patients 
had dysplasia detected in the initial biopsy specimens; 15 of these 
patients underwent colectomy, and 7 had unsuspected carcinoma (1 
Dukes’ stage A, 2 stage B, and 4 stage C). Eleven patients had 
dysplasia detected during follow-up; 7 of these patients had colec- 
tomy, and only 1 patient had carcinoma (Dukes’ B). Dysplasia devel- 
oped in 5 of 20 patients with indefinite changes on initial biopsy 
samples; 3 of these patients underwent colectomy, and 1 patient had 
carcinoma (Dukes’ B). There was no difference in the prevalence of 
dysplasia between patients with left-sided disease and patients with 
extensive disease. With the exception of 2 patients with inadequate 
surveillance, there has been no clinical evidence of carcinoma in any 
of the 148 patients whose biopsy results remained negative through- 
out the study; carcinoma has not developed in any of 175 patients 
without dysplasia on initial biopsy sampie. All 4 patients who died of 
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carcinoma had high-grade dysplasia in their initial colonoscopie biopsy 
samples. It is concluded that a biopsy surveillance program can be 
an effective aid in helping control the risk of carcinoma in patients 
with long-standing ulcerative colitis, that the short-term risk of carci- 
noma for patients with negative biopsy results is iow and colectomy 
for risk of carcinoma can be deferred in this group, and that patients 
with extensive and left-sided disease share the sarne risk of the 
development of dysplasia. 


Reprinted with permission by the American Gastroenteroiogical Association. 


Prevalence of primary sclerosing cholangitis in patients with 
ulcerative colitis. Olsson R, Danielsson A, Jarnerot G, et al. (RO, 
Medical Clinics at Sahigrenska Sjukhuset, Gotebord, Sweden). Gas- 
troenterology 100:1319-1323, 1991 


All patients 216 years old with a diagnosis of ulcerative colitis were 
identified in five well-defined catchment areas, representing 12.7% of 
the Swedish population. Exactly 1500 patients were retrieved, giving 
a point prevalence of 170/10° inhabitants. It was possible to obtain 
liver function test results <2 years old in 94% of the patients and to 
obtain endoscopic retrograde cholangiographic results in 65 of the 
72 patients with abnormal serum alkaline phosphatase values. Pri- 
mary sclerosing cholangitis was diagnosed in 55 of the patients 
(3.7%). The prevalence of the disease was 5.5% in patients with 
substantial colitis and 0.5% in patients with distal colitis. There was 
a marked male predominance in cholangitis patients compared with 
colitis patients without cholangitis. Ninety-five percent of the patients 
with cholangitis had substantial colitis, which was more than the 62% 
of patients without cholangitis who had colitis. Female patients with 
colangitis were older than male patients at the time of diagnosis of 
both cholangitis and colitis, which contrasted to the equal age at 
diagnosis of colitis in male and female patients without cholangitis. 


Reprinted with permission by the American Gastroenterological Association. 


Endoscopic transpapillary therapy for disrupted pancreatic duct 
and peripancreatic fluid collections. Kozarek RA, Ball TJ, Patterson 
DJ, Freeny PC, Ryan JA, Traverso LW (RAK, Section of Therapeutic 
Endoscopy, Virginia Mason Medical Center, Seattle, WA). Gastroen- 
terology 100:1362~1370, 1991 


Eighteen patients with active pancreatic ductal disruptions, includ- 
ing 14 with definable fluid collections, were treated with transpapillary 
pancreatic duct drains or stents. Twelve of these patients had under- 
gone a previous percutaneous or surgical pancreatic drainage pro- 
cedure or both, and 8 had long-term drainage tubes in chronic 
fistulous tracts. Transpapillary catheters could be placed across the 
ductal disruption or directly into the fluid collection in each case, and 
16 of 18 patients had resolution of the disrupted pancreatic duct. 
Twelve of 14 fluid collections resolved. Complications were limited to 
mild exacerbation of pancreatitis symptoms in 2 patients and 2 
patients who developed subsequent stent occlusion leading to recur- 
rent pancreatitis (1 patient) or recurrent duct blowout with pseudocyst 
(1 patient). Nine patients had variably significant ductal changes 
attributable to pancreatic duct stents. At a median follow-up of 16 
months, 7 patients ultimately required surgery for ongoing pancreatic 
pain or residual/recurrent fluid collection. The transpapillary treatment 
of ongoing pancreatic ductal disruption with or without fluid collection 
has the potential to obviate surgery in some patients, change an 
urgent surgical procedure into an elective one, or even assist the 
surgeon in the performance of intraoperative pancreatography. Fur- 
ther study of this technique appears warranted and must be placed 
into the perspective of current therapies. 


Reprinted with permission by the American Gastroenterolagica! Association. 


Digestive Diseases and Sciences 


Pathogenetic role of Helicobacter pylori in duodenal ulcer dis- 
ease: multivariate analysis of factors affecting relapse. Hui WM, 
Ho J, Lam SK (HWM, Dept. of Medicine, University of Hong Kong, 
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Queen Mary Hospital, Pokfulam Rd., Hong Kong). Dig Dis Sci 
36(4):424-430, April 1991 


The pathogenesis of duodenal ulcer disease is multifactorial and 
the contribution of Helicobacter pylori in relation to the other factors 
to the release of duodenal ulcer is unknown. To investigate this, we 
studied 147 patients with endoscopically proven healed ulcers. These 
patients were randomized to receive either placebo, misoprostol 200 
ug or misoprostol 300 „g four times daily, and clinical, personal, 
physiological and endoscopic characteristics were obtained prospec- 
tively. Endoscopy was performed at the active phase of the ulcer and 
when the ulcer healed. Biopsies were taken from the antrum to 
assess histologically for: (1) the activity of gastritis as assessed by 
the degree of polymorph infiltration, (2) the degree of chronic inflam- 
mation by the degree of chronic inflammatory cells infiltration and 
degree of mucosal degeneration, and (3) bacteriologically for the 
presence of H. pylori. The severity of the gastritis and the bacterial 
density were graded independently by two pathologists. The patients 
were assessed at two-month intervals for 12 months or until the ulcer 
relapsed. The results demonstrated that the relapse rates of duodenal 
ulcer were similar in the three treatment groups. The relapse rate 
was higher in the group with higher density of the bacteria (P < 0.05). 
The degree of gastritis did not affect the relapse rate of duodenal 
ulcer in either the placebo or misoprostol group or in all patients 
combined. Stepwise logistic regression analysis identified that in- 
creased duodenal inflammation, male sex, early-onset disease, and 
H. pylori adversely affected relapse of the ulcer. We conclude that 
multiple factors affect the relapse of duodenal ulcer and H. pylori is 
one of them. 


Gastrointestinal Endoscopy 


Total colonoscopy: is it always possible? Waye JD, Bashkoff E 
(JDW, 650 Park Ave., New York, NY). Gastrointest Endosc 37(2):152- 
154, 1991 


One-thousand three hundred fifty-one consecutive colonoscopies 
were performed in an office setting without fluoroscopy. Three differ- 
ent models of colonoscopes were utilized; all were manufactured by 
the Olympus Corporation of America, and included a videoendo- 
scope, a CF-20L immersible OES-type instrument, and an older 
fiberoptic colonoscope, CFLB-3W. in all colonoscopies, the cecum 
was reached in 95.9%, even when an obstructing lesion or stenosis 
was present. Total intubation was performed in 97% of cases with 
the videoendoscope, 95.5% with the CF-20L, and 95.7% with the 
CFLB-3W. In a subgroup of 865 colonoscopies, total colonoscopy 
was performed in 98% of cases when obstructing lesions (carcinoma 
or stricture) were excluded from analysis. In this subgroup, total 
colonoscopy could not be performed in 16 patients because of colonic 
fixation, tortuosity, or for unknown anatomical reasons. Forty-five 
percent of this subgroup was female, but of the 16 patients in whom 
total colonoscopy was not possible, 15 were women, 5 of whom had 
a previous hysterectomy. 

We conclude that in the absence of any obstruction lesion, an 
expert can perform complete colonoscopy in 98% of examinations, 
and in 95% of all patients presenting for colonoscopy. Total colon- 
oscopy may be more difficult in women than men, but a previous 
hysterectomy does not seem to adversely affect the ability to perform 
colonoscopy. The type of instrument used for colonoscopy does not 
impact on the ability to visualize the entire colon. 


Prospective blinded trial of colonoscopic miss-rate of large co- 
lorectal polyps. Hixson LJ, Fennerty MB, Sampliner RE, Garewal 
HS (MBF, Dept. of Medicine, Section of Gastroenterology, University 
Medical Center, 1501 N. Campbell, Rm. 6406, Tucson, AZ 85724). 
Gastrointest Endosc 37(2):125-127, 1991 


We prospectively studied the colonoscopic miss-rate of large co- 
lorectal polyps in a blinded trial featuring tandem colonoscopy. Sixty- 
three lesions =1 cm in size were discovered and none were missed. 
Confidence intervals of 95% are a miss-rate of 0 to 4.6%. We 
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conclude that <5% of large colorectal polyps are missed during the 
index colonoscopic examination in a well-prepared colon. 


Mucinous pancreatic tumors: ERCP findings. Nick! NJ, Lawson JM, 
Cotton PB (NJN, Division of Digestive Diseases and Nutrition, MN 
654, Albert B. Chandler Medical Center, University of Kentucky, 
Lexington, KY 40536-0084). Gastrointest Endosc 37(2):133-138, 
1991 


Mucin-producing tumors of the pancreas are rare and difficult to 
diagnose neoplasms. To further characterize the nature of these 
lesions, four such cases are described here in which the diagnosis 
was suspected at endoscopic retrograde cholangiopancreatography 
by the presence of ampullary or intraductal mucus. In one patient, 
pancreatoscopy directly visualized the tumor. Ultrasound and com- 
puted tomography failed to suggest the presence of a neoplasm in 
the majority of these cases, but endoscopic ultrasound was per- 
formed in one and correctly identified the multi-cystic tumor. A high 
incidence of acute pancreatitis was seen in these cases and was felt 
to be secondary to intermittent ductal obstruction by mucus. The 
characteristic appearance of intra-ductal mucus provides an impor- 
tant clue to the presence of this type of pancreatic neoplasia. 


The Journal of Bone and Joint Surgery 


Radiographic assessment of instability of the knee due to rupture 
of the anterior cruciate ligament: a quadriceps-contraction tech- 
nique. Franklin JL, Rosenberg TD, Paulos LE, France EP (JLF, Ballard 
Orthopedic and Fracture Clinic, 1801 N.W. Market St., #403, Seattle, 
WA 98107). J Bone Joint Surg [Am] 73-A(3):365, March 1991 


We compared the results of a radiographic technique for the 
measurement of instability of the knee with those obtained with a 
KT-1000 arthrometer. The study was conducted on both knees of 
sixty patients who had a ruptured anterior-cruciate ligament in one 
knee, as well as in ten control subjects. The radiographic technique 
included the examination of a true lateral radiograph, made while the 
knee was in full extension and the quadriceps was maximally con- 
tracted, with a 66.7-newton downward force produced by a 6.8- 
kilogram weight suspended from the ankle. As demonstrated by both 
techniques, the maximum difference between the displacements of 
the right and left knees in the control subjects was 2.5 millimeters 
and the mean difference between the displacements in the two knees 
in the patients was 7.5 millimeters. 

in fourteen of the sixty knees in which the ligament was ruptured, 
the injury was acute. The forward translation of the medial side in 
these fourteen knees was compared with that in the forty-six knees 
in which the injury was chronic. The mean difference in the displace- 
ment of the medial side in the right and left knees was 3.5 millimeters 
in the fourteen patients who had an acute injury and 5.0 millimeters 
in the forty-six patients who had a chronic injury. Thirteen of the sixty 
patients had disruption of the posteromedial corner of the injured 
knee, and the translation of the medial side in these knees was 
significantly increased compared with that in the intact knees of the 
same patients. 

The radiographic technique was as accurate as the KT-1000 
arthrometer in the diagnosis of unilateral rupture of the anterior 
cruciate ligament. The quadriceps contraction radiographic technique 
is an accurate and simple method for diagnosis. 


Bone scans in the diagnosis of bone crisis in patients who have 
Gaucher disease. Katz K, Mechlis-Frish S, Cohen iJ, Horev G, Zaizov 
R, Lubin E (KK, Dept. of Orthopedic Surgery, Beilinson Medical 
Center, Petah Tiqva 49100, Israel). J Bone Joint Surg [Am] 73- 
A(4):513-517, April 1991 


Of thirty-four occurrences of bone pain in seventeen children and 
young adults who had type-I Gaucher disease, twenty-five were finally 
diagnosed as bone crises. On the basis of a bone scan with techne- 
tium-99m methylene diphosphonate, a correct diagnosis of bone 
crisis was made for twenty-three occurrences, with a sensitivity of 
0.92. 
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At the onset of a crisis, the bone scan typically showed decreased 
uptake of radionuclide at the involved area. After six weeks, a repeat 
bone scan of the long bones showed a ring of increased uptake 
surrounding an area of decreased uptake. At six months, the ap- 
pearance of the bones on the radionuclide scan was normal. 


Clinical Orthopaedics and Related Research 


Magnetic resonance imaging in acetabular residual dysplasia. 
Bos CFA, Bloem JL, Verbout AJ (CFAB, Dept. of Orthopedic Surgery, 
University Hospital Leiden, Rijnsburgerweg 10, 2333 AA Leiden, the 
Netherlands). Clin Orthop 265:207-217, April 1991 


Eighteen hips in 15 children showed persistent roentgenographic 
evidence of congenital acetabular residual dysplasia at four- to eight- 
year follow-up evaluations. The mean follow-up period was 5.8 years. 
These hips were subsequently evaluated by magnetic resonance 
(MR) imaging. MR imaging studies revealed thick unossified chon- 
droepiphyseal cartilage of the acetabular roof adjoining the ilium in all 
hips. The cartilage in these hips counterbalanced the steep acetabular 
slope seen on roentgenograms. Initially these hips were regarded as 
candidates for an acetabular reconstruction, but 11 hips displayed 
sufficient cartilaginous acetabular coverage on MR images. MR im- 
aging promotes more accurate selection of patients for acetabular 
reconstruction and aids in the choice of the most appropriate type of 
acetabular reconstruction. 


The Journal of Urology 


Correlation of testicular color Doppler ultrasonography, physical 
examination and venography in the detection of left varicoceles 
in men with infertility. Petros JA, Andriole GL, Middleton WD, Picus 
DA (GLA, Division of Urologic Surgery, 4960 Audubon Ave., St. Louis, 
MO 63110). J Urol 145:785-788, April 1991 


High resolution color Doppler ultrasound is a noninvasive means 
of simultaneously imaging and evaluating the blood flow to the testes. 
To define the ability of color Doppler ultrasound to detect clinically 
evident as well as subclinical varicoceles men referred to our urology 
division with oligospermia and infertility underwent spermatic vein 
venography of the left testis if there was physical examination and/ 
or color Doppler ultrasound evidence of a varicocele. The detection 
of valvular incompetence on venography was considered diagnostic 
for a varicocele. Of 17 study patients physical examination detected 
10 of 14 venographically evident varicoceles (71%), whereas color 
Doppler ultrasound detected 13 of 14 (93%). Of 5 patients with a 
normal physical examination but with color Doppler ultrasound evi- 
dence of a varicocele 4 had a confirmatory venogram, and 1 of 2 
patients with a varicocele on physical examination and a normal 
Doppler ultrasound had a positive venogram. These data suggest 
that color Doppler ultrasound of the testis may more appropriately 
direct further invasive testing and therapy of infertile men than phys- 
ical examination alone. 


Journal of Thoracic Imaging 


A prospective evaluation of plain radiographic signs of chronic 
obstructive pulmonary disease. Woodring JH, Phillips BA, West 
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JW, Ulmer J, Cooper JK (JHW, Dept. of Diagnostic Radiology, Uni- 
versity of Kentucky Medical Center, 600 Rose St, Lexington, KY 
40536-0084). J Thorac Imaging 6(2):14~-21, 1991 


Plain film signs of COPD, spirometric evidence of airflow obstruc- 
tion, and smoking history were correlated in a group of 182 men 
aged 32 to 85 years (average, 57.5 years) who presented for evalu- 
ation of possible pulmonary disability. There were 148 current or past 
smokers (range, 0.66 to 150 pack-years; average, 31.89 pack-years) 
and 34 lifetime nonsmokers. A single observer, who had no knowl- 
edge of the other parameters, prospectively evaluated postero- 
anterior chest radiographs for 11 signs of COPD. Airflow obstruction 
was defined as a reduction in FEV, /FVC% below the 95% confidence 
limit of normal. Obstruction was classified on the basis of the reduc- 
tion in FEV, as mild (FEV, > 2.5 L), moderate (FEV, > 1.0L and < 
2.5 L), or severe (FEV, < 1.0 L}. Spirometric evidence of airflow 
obstruction was present in 67 patients: obstruction was mild in Z6, 
moderate in 36, and severe in 5. We found a statistically significant 
association between smoking and airflow obstruction on spirometry 
(P < 0.001) and an equally significant association between smoking 
and radiographic signs of COPD on plain chest films {P < 0.001). 
Both airflow obstruction and radiologic signs of COPD were generally 
absent in lifetine nonsmokers. The plain film signs of COPD were 
only of moderate value in predicting spirometric evidence of airflow 
obstruction in smokers; spirometric evidence is not the gold standard 
for the presence of COPD, however, and the strong association 
between smoking and these radiologic signs may indicate that in 
smokers the presence of plain film signs of COPD reflects morpho- 
logic abnormality in the lungs indicative of disease. The chest radio- 
graph therefore may routinely detect the presence of early disease, 
before the development of spirometrie abnormality in many cases, 
and should have a prominent role in the clinical assessment of COPD. 


Journal of Ultrasound in Medicine 


Single umbilical artery: prenatal detection of concurrent anoma- 
lies. Nyberg DA, Mahony BS, Luthy D, Neisner D, Kapur R (DAN, 
Seattle Ultrasound Associates, 1229 Madison St, Ste. 1150, Seattle, 
WA 98104). J Ultrasound Med 10:247-253, May 1991 


Prenatal sonographic findings were reviewed in 30 fetuses with a 
single umbilical artery (SUA) to determine the reliability of ultrasound 
for detecting concurrent anomalies. Additional anomalies were iden- 
tified in 15 fetuses, including 3 fetuses with minor anomalies and 12 
fetuses with major or multiple concurrent anomalies. Minor anomalies 
observed in 3 fetuses included 1 case each of pelvic kidney, unilateral 
absent kidney, and mild cerebral ventricular dilatation. Major abnor- 
malities detected in 12 fetuses involved a variety of organ systems 
and included cardiac defects, holoprosencephaly, skeletal dysplasia. 
hydrocephalus, omphalocele, hydrothorax, enlarged cistema magna. 
and diaphragmatic hernia. Clinical and pathologic correlation showed 
that all fetuses were correctly categorized regarding the presence of 
other anomalies; none of the 15 fetuses in whom an SUA was 
considered an isolated finding had a significant anomaly at birth. 
Chromosome abnormalities were found in 6 of 12 fetuses with maior 
abnormalities but in none of the 18 remaining fetuses. We conclude 
that prenatal ultrasound can reliably identify major concurrent anom 
alies in fetuses with SUA. In the absence of additional anomalies. 
prenatal detection of SUA should not alter obstetric management. 


Reprinted with permission by the American instrute of Ultra- 
sound in Medicine. 
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The Radiology Outreach Foundation (ROF) is a nonprofit corporation whose goal 
is to help disadvantaged countries improve their health care by providing radiology 
equipment, books, consultation, education, and training to their practitioners. This 
assistance is on an application basis that is independent of political, ethnic, or 
religious orientation of the grantee. It depends on the need of the people and the 
ability of the ROF to meet that need. The ROF is approved by the U.S. Internal 
Revenue Service as a tax-exempt organization. It is endorsed by the following 
radiologic societies: 


American Association of Women Radiologists 
American College of Radiology 
American Roentgen Ray Society 
Association of University Radiologists 
Radiological Society of North America 
Society of Chairmen of Academic Radiology Departments 
Society for Pediatric Radiology 
European Society of Pediatric Radiology 


All donations to the ROF are tax deductible. Persons who would like to contribute 
financially to the ROF, would be interested in being a visiting professor, would like 
to send books or journals to any of the institutions supported by the ROF, or would 
like further information about the ROF should write to 


Charles A. Gooding, M.D. 
President 
Radiology Outreach Foundation 
3415 Sacramento St. 
San Francisco, CA 94118 USA 


Practicum in Breast Imaging 


The Breast Imaging Division, Dept. of Radiology, The Johns Hop- 
kins Medical Institutions, is offering a practicum, by appointment only, 
for radiologists who wish to develop an understanding of the full 
spectrum of currently used techniques of breast imaging, including 
preoperative needle localization and fine-needle aspiration. The reg- 
istrant will accompany a preceptor on a one-to-one basis through the 
daily activities of the Breast Imaging Center. These will include 
observation of a quality control program, observation of proper 
positioning of patients, evaluation of routine mammograms, workup 
of patients who have abnormal mammograms, and sonographic 
examination of the breast. Access to the center’s extensive teaching 
file will be provided. Category 1 credit: 40 hr. Fee: $650. Information: 
Program Coordinator, The Johns Hopkins Medical Institutions, Office 
of Continuing Education, Turner Bidg., 720 Rutland Ave., Baltimore, 
MD 21205; (301) 955-2959. 


Update on Diagnostic Imaging 


Stanford University Medical Center is sponsoring Diagnostic Im- 
aging Update: MRI, CT, US, Interventional, July 29-Aug. 2, at the 
Westin Bayshore Hotel, Vancouver, B.C. Program director: R. Brooke 
Jeffrey. Category 1 credit: 18 hr. Fee: physicians, $530; Stanford 
Radiology alumni, $490; residents, fellows, and technologists, $340. 
Information: Dawne Ryals, Ryals and Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552- 
9859. 


Breast Imaging in the 90’s 


The Depts. of Radiology and Continuing Medical Education, Loyola 
University of Chicago, is sponsoring Breast Imaging in the 90's, Aug. 
10-11, at the Oak Brook Hills Hotel & Conference Center, Oak 
Brook, IL. The course, which is designed for radiologists in clinical 
practice, will discuss the principles and latest advances in the detec- 
tion and diagnosis of breast cancer. The impact of new biopsy 
techniques and breast cytology also will be considered. The format 
includes lectures and work stations that will provide hands-on expe- 
rience and the opportunity for self-assessment. Category 1 credit: 16 
hr. Fee: physicians, $240; residents, $175. Information: Loyola Uni- 
versity Stritch School of Medicine, Division of Continuing Medical 
Education, 2160 S. First Ave., Maywood, IL 60153; (708) 216-3236. 


Midwest Interventional Radiology Seminar 


The Midwest Institute for Interventional Therapy, St. Francis Med- 
ical Center, and the University of Illinois College of Medicine at Peoria 
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will present Midwest interventional Radiology Seminar, Aug. 16-18, 
at the Continental Regency Hotel, Peoria, IL. The course will provide 
information about state-of-the-art nonsurgical alternatives for man- 
agement of disorders of the vascular, urologic, biliary, neurologic, 
and other systems. Category 1 credit: 20 hr. Fee: physicians, $425: 
residents, fellows, and technologists, $225. Information: Rose Hol- 
comb, University of Illinois College of Medicine at Peoria, Box 1649, 
Peoria, IL 61656; (309) 671-8475. 


Abdominal Imaging Review Course 


The Armed Forces Institute of Pathology {AFIP} will offer the ist 
annual AFIP Abdominal Imaging Review Course, Sept. 7-8, at the 
Hyatt Regency Bethesda, Bethesda, MD. Lectures will present the 
radiologic features of diseases that affect the liver, biliary tract, spleen, 
ovaries, and peritoneum. Radiologic-pathologic correlation will be 
emphasized. Course directors: James L. Buck and Pablo R. Ros. 
Guest faculty: A. H. Dachman, M. Federle, W. S. Hayes, G. L. Miller 
ill, and R. K. Zeman. Information: Ms. Wendy S. Baker, Course 
Coordinator, Armed Forces Institute of Pathology, Washington, DC 
20306-6000; (202) 576-2162 or 576-2973. 


Course on Color Doppler imaging 


The University of California, Los Angeles, will present its 3rd annual 
course on color Doppler imaging, Sept. 20-21, at the Beverly Hilton 
Hotel, Beverly Hills, CA. Category 1 credit: 11 hr. Information: Mary 
Grooms, UCLA Ultrasound Section, 10833 Le Conte Ave., Los An- 
geles, CA 90024, (213) 825-8813. 


Applied Imaging: A Practical Course 


The University of Alabama at Birmingham is sponsoring Applied 
Imaging: A Practical Course, Sept. 22-25, at the Ritz-Carlton Resort 
Hotel, Naples, FL. Program director: Lincoln Berland. Category 1 
credit: 15.5 hr (pending). Fee: physicians, $425; residents, fellows, 
technologists, and sonographers, $300. Information: Dawne Ryals, 
Ryals and Associates, P. O. Box 1925, Roswell, GA 30077-1925; 
telephone: (404) 641-9773; fax: (404) 552-9859. 


Dublin 91: Joint Annual Scientific Meeting 


The Royal College of radiologists of Great Britain and the Faculty 
of Radiologists of the Royal College of Surgeons in Ireland will hoid 
a joint annual scientific meeting Sept. 25-28 in Dublin. The meeting 
will include refresher courses on a range of topics in clinical radiology. 
lectures, and papers. Symposia will be presented on the diagnosis 
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and treatment of primary bone tumors, the next decade against 
cancer in Europe, malignant lymphoma, and the individualization of 
radiation therapy. Fee: clinical radiology program: entire program, 
£245; day registration, £90; clinical oncology program: entire pro- 
gram, £200; day registration, £90. information: The Conference Of- 
fice, The Royal College of Radiologists, 38 Portland PI., London, 
England W1N 3DG; telephone: 071 636 4432; fax: 071 323 3100. 


Current Concepts of Magnetic Resonance Imaging/ 
Physics 


Stanford University Medical Center is sponsoring Current Concepts 
of Magnetic Resonance/Physics, Oct. 3-6, at the Silverado Hotel, 
Napa Valley, CA. Program director: Gary Glover. Category 1 credit: 
19 hr. Fee: physicians, $530; residents, fellows, and technologists, 
$340. Information: Dawne Ryais, Ryals and Associates, P. O. Box 
1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: 
(404) 552-9859. 


MR Update: NR and Musculoskeletal 


The University of Alabama at Birmingham will sponsor MR Update: 
NR and Musculoskeletal, Oct. 7-12, at the Westin Resort Hotel, 
Hilton Head, SC. Program director: Taher El Gammal. Category 1 
credit: 25 hr. Fee: physicians, $595; residents, fellows, and technol- 
ogists, $395. Information: Dawne Ryals, Ryals and Associates, P. O. 
Box 1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: 
(404) 552-9859. 


Nuclear Cardiology Symposium and Workshops 


The Cardiovascular Disease Center, University of Wisconsin Med- 
ical School, Sinai-Samaritan Medical Center, Mount Sinai Campus, 
and Continuing Medical Education, University of Wisconsin, will pre- 
sent Nuclear Cardiology Symposium and Workshops, Oct. 9-11, at 
the Marc Plaza Hotel, Milwaukee, WI. Category 1 credit will be 
awarded. Information: Sarah Aslakson, Continuing Medical Educa- 
tion, 2715 Marshall Ct., Madison, Wi 53705; (608) 263-2956. 


Ultrasound: 1991 


The University of California, Davis School of Medicine, will present 
Ultrasound: 1991, Oct. 12-13, at the Red Lion Inn, Sacramento, CA. 
The course is designed to provide a rapid update on the techniques 
and applications of ultrasound for obstetrics and gynecology. Cate- 
gory 1 credit: 11 hr. Fee (approximate): physicians, $195; others, 
$165. Information: Office of Continuing Medical Education, University 
of California, Davis School of Medicine, 2701 Stockton Bivd., Sacra- 
mento, CA 95817; telephone: (916) 734-5390; fax: (916) 736-0188. 


Chest Imaging 


The Dept. of Radiology, Brigham and Women’s Hospital, and the 
Dept. of Continuing Education, Harvard Medical School, will present 
Chest Imaging, Oct. 15-18, at the Ritz-Carlton Hotel, Boston. Pro- 
gram director: Robert D. Pugatch. Category 1 credit: 22 hr. Fee: 
physicians, $550; residents, fellows, and technologists, $375. Infor- 
mation: Harvard Med-CME, P. O. Box 825, Boston, MA 02117: (617) 
432-1525. 


Mammography Update 1991 


The Dept. of Radiology and Continuing Medical Education, Univer- 
sity of Wisconsin School of Medicine, and the University of Wisconsin- 
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Extension are sponsoring Mammography Update 1991, Oct. 17-18, 
at the Edgewater Hotel, Madison, Wi. Category 1 credit will be 
awarded. Information: Sarah Aslakson, Continuing Medical Educa- 
tion, 2715 Marshall Ct., Madison, WI 53705; (608) 263-2856. 


Michigan Fall Radiology Conference 


William Beaumont Hospital, Royal Oak, MI, will present Michigan 
Fail Radiology Conference Oct. 18-19. The conference is intended 
to be both a refresher course and an update on the practical aspects 
of diagnostic radiology, including modern imaging techniques. Lec- 
turers will discuss subjects related to problems in daily practice. 
Guest faculty: J. T. Ferrucci, R. L. Lebowitz, R. D. McLeary, and S. 
E. Mirvis. Category 1 credit: 14 hr. Fee: physicians, $175; residents, 
$75. Information: Miss Mary Anne Smith, William Beaumont Hospital, 
3601 W. Thirteen Mile Rd., Royal Oak, MI 48073; (313) 551-6199. 


Magnetic Resonance Imaging and CT Update 


The Dept. of Radiology, Brigham and Women's Hospital, and the 
Dept. of Continuing Education, Harvard Medical School, will present 
Magnetic Resonance Imaging and CT Update, Oct. 28~Nov. 1, at the 
Hyatt Regency Hotel, Cambridge, MA. Program directors: Steven E. 
Seltzer, Ferenc Jolesz, and Amir Zamani. Category 1 credit: 33 hr. 
Fee: physicians, $600: residents, fellows, and technologists, $350. 
Information: Harvard Med-CME, P. O. Box 825, Boston, MA 02117; 
(617) 432-1525. 


Advanced Seminars in Diagnostic Imaging 


The University of California, San Diego, is sponsoring Advanced 
Seminars in Diagnostic Imaging, Nov. 15-17, at the Ritz-Carlton 
Resort Hotel, Laguna Niguel, CA. Program director: David S. Feigin. 
Category 1 credit is pending. Fee: physicians, $400; residents, fel- 
lows, and technologists, $275. Information: Dawne Ryals, Ryals and 
Associates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: 
(404) 641-9773; fax: (404) 552-9859. 


European Symposium on Uroradiology 


The 3rd European Symposium on Uroradiology will be held Aug. 
24-27, 1992, at Herlev Hospital, University of Copenhagen, Herlev, 
Denmark. Some of the featured topics will be renal calculi, including 
extracorporeal shock-wave lithotripsy and intervention; pediatric uro- 
radiology: renovascular hypertension; glomerular filtration rate; MR 
imaging in uroradiology; cancer of the lower urinary tract; radiology 
of the female genitals; and scrotal imaging. The official language of 
the conference will be English. The deadline for abstracts is March 
1, 1992. information: Henrik S. Thomsen, M.D., Dept. of Diagnostic 
Radiology 54E2, Herlev Hospital, Herlev Ringvej 75, DK-2730 Herlev, 
Denmark; telephone: + 45 44 53 53 00, ext. 278; fax: + 45 44 53 
53 32. 


National Council on Radiation Protection and 
Measurements Elections 


The National Council on Radiation Protection and Measurements 
has announced the results of the regular membership elections that 
took place at its 1991 annual meeting. Newly elected members are 
A. Bertrand Brill, Gail de Planque, John B. Little, and Lester J. Peters. 
Seymour Abrahamson, John D. Boice, Jr., Robert L. Brent, Antone 
L. Brooks, Jacob |. Fabrikant, William R. Hendee, A. Everette James, 
Jr., Bernd Kahn, Dade W. Moeller, and William L. Templeton were 
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reelected. Edward L. Alpen, Randall S. Caswell, Gerald D. Dodd, 
Warren K. Sinclair, George L. Voeiz, and George M. Wilkening were 
elected honorary members of the council. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 3-4, 1991; Oct. 1-2, 1992: and Oct. 14-15, 
1993. Oral examinations will be held at the Executive West Hotel in 
Louisville, KY, June 1-5, 1992, and May 31-June 4, 1993. The ABR 
will accept applications for admission to the examinations after July 
1, but not later than Sept. 30, in the year preceding the year in which 
the examination is to be taken. For application forms and further 
information: Office of the Secretary, The American Board of Radiol- 
ogy, 300 Park, Ste. 440, Birmingham, MI 48009. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowships in Interventional Radiology, times arranged, 
Baltimore (Oct 1990) 

Swallowing Center Preceptorship, times arranged, Baltimore (Jan) 
Imaging Fellowship, times arranged, Miami Beach, FL (Jan) 
Preceptorships in Ultrasound at Johns Hopkins, time arranged, 
Baltimore (June) 

Abdominal Ultrasound, July 29-Aug. 1, Philadelphia (June) 
Contemporary Diagnostic Imaging, July 29-Aug. 2, Aspen, CO 
(April) 

Pittsburgh Breast Imaging Seminar, Aug. 1-4, Pittsburgh (May) 
Prostate Ultrasound, Aug. 2, Philadelphia (June) 

Napa Valley imaging Update, Aug. 4-8, Napa, CA (June) 

MR Imaging Fellowships at LAC/USC Imaging Science Center, 
Aug. 5-9, Sept. 16-20, Oct. 7-11, and Nov. 4-8, Los Angeles (Feb) 
Body Imaging, Aug. 5~9, Santa Fe, NM (April) 

Summer Imaging and Interventional Techniques IX, Aug. 5-9, 
Amelia Island, FL (July) 

Symposium on Diagnostic Imaging, Aug. 12-15, Newport, Ri (June) 
Imaging of the Head, Spine, and Musculoskeletal System, Aug. 
12-16, Whistler, B.C. (April) 

Radiology for Clinicians, Aug. 12-16, Coronado (San Diego), CA 
(April) 

Society of Computed Body Tomography Summer Practicum, Aug. 
18-22, Keystone, CO (April) 

Registry Preparation Courses for Sonographers: Abdominal Ultra- 
sound, Aug. 22-23, Washington, DC; OB/GYN Ultrasound Review, 
Aug. 24, Washington, DC, and Sept. 22, Los Angeles; Ultrasound 
and Doppler Physics, Aug. 25-26, Washington, DC; Sept. 7-8, 
Chicago; Sept. 20-21, Los Angeles; and Oct. 5-6, Dallas; and 
Vascular Technology, Aug. 27-28, Washington, DC (July) 
Diagnostic Imaging Update, Aug. 26-30, Vancouver, B.C. (April) 
Radiation, Physics, and Biology, Aug. 26-30, New York City (May) 
World Congress in Ultrasound, Sept. 1-6, Copenhagen (Sept 1990) 
Physics of Diagnostic Radiology, Nuclear Medicine, and Radiation 
Biology, Sept. 5-8, Sacramento, CA (July) 

Pacific Northwest Diagnostic Ultrasound Symposium, Sept. 6-8, 
Seattle (June) 

International Workshop on Hypertrophic Osteoarthropathy, Sept. 
8-11, Dubrovnik, Yugoslavia (Jan) 

European Society of Gastrointestinal Radiologists Annual Meet- 
ing, Sept. 8-11, Oxford, England (March) 

Sonography Update Conference and Exhibit, Sept. 11-13, Coro- 
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nado (San Diego), CA (May) 

Mallinckrodt institute’s 60th Anniversary Celebration, Sept. 12- 
14, St. Louis (May) 

Transrectal Ultrasound in the Diagnosis and Management of 
Prostate Cancer, Sept. 13-14, Chicago (May) 

Diagnostic Ultrasound in Gynecology and Obstetrics and Abdo- 
men, Sept. 13-15, Baltimore (June} 

Sonography Registry Review, Sept. 14-15, Coronado (San Diego), 
CA (May) 

European Congress of Radiology 1991, Sept. 15-20, Vienna, Aus- 
tria (Oct 1990) 

Mammographic Interpretation: A Practical Approach, Sept. 23-26 
and Oct. 28-31, Boston (March) 

Applied Ultrasound: Accent on Doppler, Sept. 23-26, Laguna Ni- 
guel, CA (May) 

Diagnosis of Musculoskeletal Disorders, Sept. 25-28, Coronado 
(San Diego), CA (May) 

Diagnostic Uses of Radiolabeled Monoclonal Antibodies, Sept. 
26-27, Washington, DC (June) 

international imaging Course, Sept. 30~Oct. 5, Hang Kong (July) 
Magnetic Resonance imaging 1991: Back to the Future, Oct. 2-5, 
Cincinnati (July) 

Annual International Body Imaging Congress, Oct. 5-12, Maui, HI 
(June) 

Breast Cancer Diagnosis: State-of-the-Art, Oct. 7-8, New York 
City (July) 

Practical Training in Interventional Radiology, Oct. 7-11 and Nov. 
4-8, Lund, Sweden (July) 

MRI: Clinical State of the Art 1991, Oct. 9-12, New York City (July) 
Western Neuroradiological Society Annual Meeting, Oct. 17-20, 
Laguna Niguel, CA (June) 

Progress in Magnetic Resonance Imaging, Oct. 24-25, Cologne. 
Germany (June) 

Neuroradiologic and Musculoskeletal Seminars, Oct. 24-27, Or- 
lando, FL. (June) 

Advanced imaging of the Musculoskeletal System, Oct. 26-27, 
Coronado (San Diego), CA (June) 

San Diego Postgraduate Radiology Course, Oct. 28-Nov. 1, Co- 
ronado (San Diego), CA (June) 

interventional Radiology Course, Nov. 1-3, Coronado (San Diego), 
CA (July) 

Seminar on Bone and Joint Diseases, Nov. 15-17, Scottsdale, AZ 
(July) 

Diagnosis and Treatment of Bone and Soft-Tissue Tumors, Nov. 
21-23, Sacramento, CA (May) 

Asian Oceanian Congress of Radiology, Dec. 14-18, New Delhi 
(July) 

international Symposium on Recent Advances in Diagnostic im- 
aging and Radiation Oncology, March 24-27, 1992, Kathmandu, 
Nepal (June) 
















AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, Joca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional | 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. | 
Mail news items to AJR Editorial Office, 2223 Avenida de la | 
Playa, Suite 103, La Jolla, CA 92037-3218. | 
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American Roentgen Ray Society 92nd Annual Meeting 


May 10-15, 1992, Orlando, FL 


Marriott’s Orlando World Center 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1992 issues of the AJR. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1991. Forms on which to submit abstracts 
are in this issue of the AJR. The ARRS Program Committee will select 
papers and notify authors in early January. The AJR has first rights 
to all papers accepted for presentation at the ARRS meeting. Mail 
original and five copies to 


A. Everette James, Jr., M.D. 

c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by November 1, 1991. Forms, which may be photocopied, are 
in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullagar 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
February along with advance registration forms. Early registration is 
an advantage in ensuring preferred courses in this popular program. 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. information and 
advance registration forms will be in the February issue of the AJA. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific papers 
prepared by residents in radiology. The President’s Award has a 
$2000 prize. There are two Executive Council awards of $1000 each. 
All are presented at the annual meeting. Papers should be submitted 
by February 15, 1992, for consideration in this competition. Send 
entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1991 
Scientific exhibit proposals: November 1, 1991 
Residents’ Award papers: February 14, 1992 


ADDRESS OF PRESENTING AUTHOR | 


| 












Call for Papers 


American Roentgen Ray Society 
1992 Annual Meeting: 
May 10-15, 1992, Orlando, FL 


aiani vana iawer rir 


Department 


institution 





Street 


City, State Zip 





Phone: 


Type title, authors, and abstract in the space provided below. (instructions are on reverse side of this page. Abstract should not exceed 300 words.) 


























Select one category: —.__Angio/interventional Breast. Chest CT Gastrointestinal! Tract Genitourinary Tract 
MR Neuroradiology Skeletal Sonography Pediatric 
Projection Requirements: 35 mm, single or double (circle one) 16 mm silent film 2" NVHS ene a 














Has this been presented elsewhere? yes no. if yes, please describe on reverse side of this page. 
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instructions for Scientific Abstracts 


1. 


Type the information single-spaced. Underline the name of the 
presenting author. Append as a last line of the abstract any 
research grant support, if applicable (e.g., Supported by USPHS 
Grant HE-80144). If the abstract is accepted, it will not be proof- 
read; it will appear exactly as typed. Use the following format: 


MR IMAGING OF THE SPINE AND NECK 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. 
University of California, Bakersfield, Bakersfield, CA 92338 


2. Abstracts should include four paragraphs devoted sequentially to 


the following topics: (1) object or purpose of the study, (2) mate- 
rials, methods, and procedures, (3) results, (4) significance of the 
results and conclusions. The text should not exceed 300 words. 
Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 


. The Program Committee will grade each abstract and determine 


acceptance. Further information will be forwarded to those whose 
abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1991. Mail abstract and four copies to 


A. Everette James, Jr., M.D. 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8992 
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Call for Scientific Exhibits 


-American Roentgen Ray Society 
” 1992 Annual Meeting: 
May 10-15, 1992, Orlando, FL 


FOR COMMITTEE USE ONLY 


Date Received —————— Application No. 
SUDET Era OO E eeeen ce eeae eee ene 
Rejected Accepted__. | 
Assigned Space No, noen | 


‘a 
PU Me is mauamayacakantsuranyeunniqinunsunaraveaewn evar laren hata nene n hn ere 








Principal Exhibitors Mailing Address 





Nam PES TREC ON ee a ae Fh chs tele ee Me hh aG 
pVeparme 5] Seeman een een a | (6 -) <1 AGOS S Ate eee eee ee ee eee ee eee © | Sees een ee ee seen 
AN a LID COGE Telephone: office (  ) 2—2 — bome, J) o> o> —/—/—o—OoOoOoOSOSOSOSSSSOSOOO0O 7 


Names of Exhibitors (List principal exhibitor first and telephone number of each person.) 





Last First Middle Telephone Degree Member ARRS? 
(one only) 


sae ly Re AAA RAPT HMA AY ASTD I trent foe Pe in heii he Anini mnia he islam era anina 


PPA AM NEA AAMAS Mi Uehiro aiani Galen amen haina anh Wane PL FEET an 


PRP NARA A HNP KARIM HAA lA irna Aaaa e anahaha g BANANANA Teh Wl eA Eee HTH thst Metre 
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Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 





Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 





Free-standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required 





Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1 2 x 2.5 m). Number of panels required . If two panels are 


needed, there will be a 1⁄4-in. frame separating the panels, thus requiring a separation in the presentation. 











Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required . Materials should not be glass mounted. 





Please Indicate Most Appropriate Category. 


Breast 
Sonography 


Bone Cardiovascular Chest 
Neuroradiology Nuclear medicine 


Gastrointestinal Genitourinary 
Pediatric Radiation oncology 


Medical physics 






































Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board and computer-based exhibits are 
encouraged, as they do not require a viewbox. 


Signature of Principal Exhibitor. 





Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1991. Mail original and five copes to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8992 
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Officers 


President: John A. Kirkpatrick, Jr. 

President-elect: A. Everette James, Jr. 

1st Vice-president: Andrew K. Poznanski 

2nd Vice-president: George R. Leopold 

Secretary: Joseph T. Ferrucci, Jr. 

Treasurer: Beverly P. Wood 

Executive Council: R. N. Berk, M. P. Capp, W. J. Casarella, 
N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. E. James, 
Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., G. R. Leopold, J. 
E. Madewell, T. C. McLoud, A. A. Moss, A. K. Poznanski, R. 
J. Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, R. J. Alfidi, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
M. S. Huckman, C. R. B. Merritt, A. G. Osborn, K. Valji, C. A. 
Rohrmann, Jr., W. J. Casarella, chairman 

Education and Research: R. R. Hattery, C. B. Higgins, B. J. 
Hillman, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. K. Gedgaudas-McClees, A. A. Moss, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 


Nominating: R. G. Evens, P. J. Fritzsche, A. A. Moss, chair- 
man 

Publications: E. Buonocore, C. R. B. Merritt, A. G. Osborn, 
C. A. Rohrmann, Jr., W. J. Casarella, chairman 


Membership: J. E. Madewell, T. C. McLoud, A. A. Moss, K. 
H. Vydareny, chairman 


Representatives to Other Organizations 
American Board of Radiology: W. J. Casarella, J. A. Kirk- 
patrick, Jr., L. F. Rogers 


American College of Radiology: R. A. Gagliardi, J. E. 
Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Com- 
mittee 


American National Standards Institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. D. Miraidi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 10-15, 1992, Marriott's World Cen- 
ter, Orlando, FL; April 25-30, 1993, Marriott San Francisco, 
San Francisco, CA 


Annual Meeting Committee: J. K. Crowe, N. R. Dunnick. R. 
R. Lukin, N. H. Messinger, R. J. Stanley, R. D. Steele, Jr., A. 
M. Landry, Jr., chairman 


instructional Courses: Bruce L. McClennan, associate chair- 
man; R. J. Stanley, chairman 


Scientific Program: P. H. Arger, T. B. Hunter, D. Kushner, T. 
C.McLoud, L. B. Tainer, J. H. Thrall, A. E. James, Jr. chairman 


Scientific Exhibits: J. R. Haaga, D. S. Hartman, R. G. Ram- 
sey, N. R. Dunnick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1992 ARRS meeting, send completed 
forms before February 1, 1992, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091, (703) 
648-8992. 





Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 

The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 

The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shall actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 

3. Application fee is $50 (payable when billed for dues). 

4. Annual dues are $150, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 


election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant’s training or residency program director. 


3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
Status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shail pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


For ARRS 











Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd ———_______ APPLICATION FOR MEMBERSHIP 
LD.# 
DIE ea Category of Membership: © Active 
(Check One) G Corresponding 
G in-Training 
Name (Please Print) EEE «Degree eis) tent 
First initial Last 
Mailing Address sa ra pa a a ata ee Ie Ol il) 
Street/Box 
Telephone { } 
City/State/Country Zip Code 





A. Education: (List name of institution, years attended, and degree and type received.) 
Underoraduale a a a a a gee 





Graduate (Medical School, Graduate School, etc.): 


Postgraduate (Internship, Residency, Fellowship, etc.): 





B. Licensure: 


Licensed COA NC tt E IIR a 
(Type) (State, Province, etc.) 





C. Appointments/Memberships: (In-Training applicants: skip to Section F on reverse.) 


Present ADDOINMmMentsS.  ACaGEMIO io ree i a ee a ee 


AO SOU Sa nak a 


Memberships in Scientific Societies: 





Offices or Committee Assignments: 





Government Service (Military or Civilian) REN 
(Position) (Years) 








). Credentials: (To be completed by Active and Corresponding applicants only.) 


| hereby certify that | was issued a certificate of qualification in 
(Specialty) 


LD a te ae DY ANG 


(Year) (Name of Qualifying Board) 


Other Credentials: 


Signature: 





. References: (To be completed by Active and Corresponding applicants only.) 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 





Name (Please Print) 1. 2. 
Address 
Signatures: 
IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 


i certify that | am serving as a Resident/Fellow in 
(Specialty) 


at . Date program began (begins): 
(Name of Institution) 


date program to end: . [understand that in-training membership is limited toa 


maximum of 5 years. 


Applicant Signature: 


Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 


Signature 





Send completed form to: American Roentgen Ray Society 





Classified Advertisements 


Positions Available 


THE DEPT. OF DIAGNOSTIC RADIOLOGY, 
OREGON HEALTH SCIENCES UNIVERSITY, 
PORTLAND, OR, invites applications for a board- 
certified musculoskeletal radiologist. Rank will be 
commensurate with experience and qualifica- 
tions. Please send CV and references to William 
Weidner, M.D., Chairman, Diagnostic Radiology, 
UHN 72, Oregon Health Sciences University, 
Portland, OR 97201-3098. OHSU is an affirmative 
action, equal opportunity employer. 8-9a 


BC RADIOLOGIST position available to join 
group of 3 radiologists in a large, multispecialty 
health-care facility in Seattle. Strong interest and 
experience in ultrasound, including OB, desired. 
Strong mammography experience a plus. Diverse 
patient population includes a mix of managed 
care and fee-for-service. Outpatient radiology 
only, limited call, competitive salary, and excellent 
benefits. Contact Mary Anderson, Pacific Medical 
Center, 1200 12th Ave. S., Seattle, WA 98144: 
(206) 326-4100, 8-9ap 


CHIEF OF ABDOMINAL IMAGING——The Dept. of 
Radiology, University of Maryland School of Med- 
icine at Baltimore is seeking a chief for the 
abdominal imaging section. This encompasses 
abdominal and gastrointestinal CT and MRI, 
including CT-guided interventional procedures. 
The dept. is affiliated with the soon-to-be- 
compieted digital radiology dept. in the VA 
hospital. lt is situated in the midst of the new 
downtown redevelopment area of Baltimore, 
which offers exciting opportunities for relocation. 
Candidates should be board-certified, have spe- 
cialist training, and be interested in teaching and 
research. Income and academic rank are depen- 
dent on qualifications and experience. Please 
forward CV to Gerald S. Johnston, M.D., Dept. of 
Radiology, University of Maryland Medical 
System, 22 S. Greene St., Baltimore, MD 21201. 
Affirmative acting, equal opportunity employer 
and applications from members of minority 
groups are encouraged. 8ap 


CHAIR, DEPT. OF RADIOLOGY-—West Virginia 
University School of Medicine invites applicants 
for chair of the Dept. of Radiology. This endowed 
position, vacant due to the retirement of the 
chairman, requires the leadership of a nationally 
recognized radiology educator with strong clinical, 
teaching, and research credentials to administer 
the clinical and academic programs of the dept. 
The dept. enjoys superb facilities and state-of-the- 
art diagnostic equipment in a beautiful, new 
teaching hospital on the campus of the health 
sciences center of the parent university. The 
application deadline is Aug. 19, 1991. Interested 
candidates should forward CV and the names of 
3 references to William A. Neal, M.D., Radiology 
Search Committee Chairman, Dept. of Pediatrics, 
WVU School of Medicine, Morgantown, WV 
26506. An equal opportunity/affirmative action 
employer. 9a 


DIAGNOSTIC RADIOLOGIST, HOUSTON— 
immediate opening for 2 BC/BE radiologists to 
join 5 BC radiologists associated with a large, 
internal medicine clinic near the Texas Medical 
Center. Primarily outpatient practice with regular 
hours. Aiso cover adjacent general, medical- 
surgical hospital. On-site ultrasound, CT, MRI, 
and nuclear medicine. Experience in angio and 
interventional is desired. Please send CV to 
Robert B. Halil, Administrator, Diagnostic Clinic of 
Houston, 6448 Fannin, Houston, TX 77030; 
(713) 797-9191. 8-10a 


PART-TIME, BOARD-CERTIFIED RADIOLO- 
GIST needed in private Boston office. Competitive 
salary, benefits included. immediate opening. 
Send CV to E. Wilson, 38 Winfield St., Norwood, 
MA 02062. 8ap 


DIAGNOSTIC IMAGING AND NEURORADIOL- 
OGY, TWO POSITIONS—The 11-member 
imaging section of Guthrie Clinic-Robert Packer 
Hospital desires associates with fellowship train- 
ing and/or expertise in the above areas. The 
Guthrie Clinic provides tertiary care in the 
southern tier of New York and the northern tier 
of Pennsylvania in the beautiful, endless moun- 
tains. Outstanding practice opportunities in an 
environment free of urban hassle. Please send 
letter of inquiry with CV or call Thomas F. 
Bednarek, M.D., Chairman, Dept. of Radiology, 
Guthrie Healthcare System, Sayre, PA 18840: 
(717) 882-4025. 8-10a 


ANGIO/INTERVENTIONAL RADIOLOGIST, 
LANCASTER, PA—Position available immedi- 
ately for well-trained, enthusiastic, BC/BE 
angiographer to join diversified group of 19. Stim- 
ulating practice includes 550-bed hospital with 
trauma accreditation, full-service imaging center, 
2 MRI facilities, and radiation therapy. The 
angiography division has 5 technologists working 
2 state-of-the-art angio suites. Last yr over 2000 
total exams were performed (nearly 300 were 
interventional procedures including atherec- 
tomies). Excellent working relationship with 
surgical and medical staff. Lancaster is a plea- 
sant, small city, rich in historical tradition, located 
in a growing county with many cultural and 
recreational amenities. Beautiful surrounding 
farms and countryside are in close proximity, yet 
Philadeiphia and Baltimore/Washington are 
within easy reach. Contact Robert Gress, M.D., 
Lancaster Radiology Associates, Ltd., Box 3555, 
Lancaster, PA 17603; (717) 299-4173, 8-9ap 


PRACTICE OPPORTUNITY FOR 5 RADIOLO.- 
GISTS at a 1000-bed, major teaching hospital 
located within the New York City metropolitan 
area. There is an affiliated, off-site imaging center 
opening Jan. 1, 1992. Neuroradiologist: New York 
State medical license, board certification, fellow- 
ship training, MRI, CT, angiography, and myel- 
ography experience necessary. Diagnostic 
radiologist with MRI experience: New York state 
medical license, board certification, fellowship 
training in neuro MRI, body MRI, orthopedic MRI, 
CT, and ultrasound necessary. In addition to a 
fellowship, previous experience in an imaging 
center is a plus. Diagnostic radiologist with 
imaging background: New York state medical 
license, board certification, fellowship training, 
MRI, CT, and ultrasound experience necessary. 
Experience in CT and ultrasound-quided proce- 
dures a plus. Diagnostic radiologist with 
mammography experience: New York state med- 
ical license, board certification/eligibility, with 
specific experience, expertise, and training in 
mammography and breast localization proce- 
dures. General diagnostic radiologist: New York 
State medical license, board certification/eligibility 
with experience in all conventional and routine 
diagnostic radiology modalities. Our dept. 
performs 150,000 procedures/yr, including ultra- 
sound, CT, angiography, interventional radiology, 
mammography and breast localizations, neuro- 
radiology, and all basic and routine radiographic 
Studies. Staffing in our dept. consists of 13 full- 
time staff radiologists, including 2 in the subdivi- 
sion of nuclear medicine and 1 in the subdivision 
of radiation therapy. Attractive salaries are being 
offered, which will be commensurate with the 
level of experience. An extensive comprehensive 
benefits package, including vacation and confer- 
ence time, is being offered. The imaging center 
opening in Jan. 1992 will include MRI, CT, ultra- 
sound, mammography, and R&F. Please respond 
in confidence with CV, which should include 
potential date of availability, to Director of 
Radiology, The Brookdale Hospital Medical 
Center, Linden Bivd., at Brookdale Plaza, 
Brooklyn, NY 11212-3198. Bap 


NEURORADIOLOGIST—The Dept. of Radiology 
at the University of Arkansas for Medical Sciences 
is seeking a neuroradiologist at the assistant ot 
associate professor rank. Neuroradiology cover- 
age is for 3 hospitals with state-of-the-art equip 
ment including 2 1.5-T MRI units, 5 CT scanners. 
and 4 angiographic suites. Facility for neurointer- 
ventional work is available. Dedicated animal 
laboratory with advanced NMA spectroscopy 
units available for research. Canclidate must be 
board-certified and preferably a senior member 
in ASNR. University of Arkansas for Medical 
Sciences is an equal opportunity employer. 
Address inquiries and a current CV to Edgardo 
Angtuaco, M.D., Chief, Neuroradiology, Dept. of 
Radiology, University of Arkansas for Medica! 
Sciences, 4301 W., Markham St, Slot 596, Little 
Rock, AR 72205; (501) 686-6032, (501) 686-6900 
(fax). 8-10a 


DIAGNOSTIC RADIOLOGIST WITH SPECIAL 
COMPETENCY IN NUCLEAR MEDICINE, LAN- 
CASTER, PA-——Position available immediately for 
well-trained, enthusiastic, BC/BE diagnostic 
radiologist with nuclear medicine interest anc 
expertise to join diversified group of 19. Busy prac- 
tice includes 550-bed hospital with trauma 
accreditation, full-service imaging center, 2 MRI 
facilities, and radiation therapy. Nuclear medicine 
section has 9 technologists who performed 9500 
exams last yr using 6 cameras including 1 SPECT 
unit. Additional SPECT unit to be added within 6 
mo to suppiement busy nuclear cardiology oro- 
gram. Lancaster is a pleasant, small city, rich in 
historical tradition, located in a growing county 
with many cultural and recreational amenities. 
Beautiful surrounding farms and countryside are 
in close proximity, yet Philadelphia and Baltimore/ 
Washington are within easy reach, Contact 
Robert Basarab, M.D., Lancaster Radiology 
Associates, Ltd., Box 3555, Lancaster, PA 17603: 
(717) 299-4173. 8~-9ap 


BC/BE DIAGNOSTIC RADIOLOGIST, PHOENIX, 
AZ—Immediate openings available for nonpart- 
nership positions with 23-member group in 
Phoenix, AZ. Practice is well-diversified with office 
and hospital facilities. Flexible scheduling. 
General diagnostic skills with experience in 
CT/ultrasound and mammography preferred. 
Area offers superior lifestyle and recreational 
attractions. Please send letter and CV to Chief of 
Radiology, 5322 W. Northern Ave., Glendale, AZ 
85301, 8ap 


HEAD OF MAMMOGRAPHY SECTION—The 
Dept. of Radiology of the Ochsner Clinic is 
seeking a radiologist to head a rapidiy growing 
Section of Mammography. Currently over 15,000 
mammograms and 500 localization procedures 
are performed annually, Equipment includes 4 
ACR-accredited mammographic units and stereo- 
tactic localization equipment, The individual who 
joins us in the next few months will have the 
Opportunity to participate in the planning of a 
major expansion of the facilities of the mammog- 
raphy section scheduled to be completed in 
mid-1992, providing capability for approximately 
30,000 procedures annually. The mammography 
section provides imaging services for a multidis- 
ciplinary breast center with a high degree of 
clinical and research interaction with surgical, 
medical, and pathology services. The radiology 
dept. is active in teaching and clinical research 
with a staff of 22 residents and fellows. Candi- 
dates for this position should have fellowship 
training or a strong background in mammography 
and be interested in teaching and clinical 
research as well as patient care. Compensation 
and benefits are highly competitive. For additional 
information, contact Christopher A.B. Merritt, 
M.D., Chairman, Dept. of Radiology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121; (504) 838-3495. 8~Ba 
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ULTRASOUND STAFF POSITION—The Dept. of 
Radiology of the Ochsner Clinic is seeking an 
additional radiologist to meet growing Clinical 
needs in the Section of Ultrasonography. The 
ultrasound section of the dept. currently performs 
over 12,000 procedures/yr, including a full range 
of abdominal, OB/GYN, vascular, operative, 
interventional, and pediatric studies. State-of-the- 
art imaging, duplex color Doppler, and intraoper- 
ative equipment is available. The individual who 
joins us in the next few months will have the 
opportunity to participate in the planning of a 
major expansion of the facilities of the ultrasound 
section scheduled to be completed in mid-1992. 
The dept. is active in teaching and clinica! 
research, with a staff of 22 residents and fellows. 
Candidates for this position should have fellow- 
ship training or a strong background in ultrason- 
ography and be interested in teaching and clinical 
research as well as patient care. Compensation 
and benefits are highly competitive. For additional 
information, contact Christopher R. B. Merritt, 
M.D., Chairman, Dept. of Radiology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121, (504) 838-3495. 8-9a 


NEURORADIOLOGIST—Senior ASNR member 
needed for excellent hospital and imaging center 
position in Tucson, AZ. Early partnership oppor- 
tunity. Send CV to Arizona State Radiology, 
7250 E. Ventana Canyon Dr., Tucson, AZ 85715. 
8-7ap 

HARTFORD, CT—Position available immediately 
for board-certified radiologist to join an estab- 
lished group of 8. Practice includes hospital and 
4 private offices, all fully equipped, including CT. 
Mammography experience is helpful. CT and MRI 
experience is essential. Competitive starting 
salary and benefits. Please enclose CV with initial 
correspondence to Jeffrey Blau, M.D., 40 Hart St., 
New Britain, CT 06052; (203) 229-2059. 8-9a 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF SOUTH FLORIDA, COLLEGE OF MED- 
ICINE is currently seeking a non—tenure track 
assistant professor. The candidate should have 
an M.D. degree and be board-certified in diag- 
nostic radiology. The salary range is negotiable 
for a 12-mo period. This is a nontenure grant posi- 
tion. Applications or nominations for the position 
should be addressed to Robert Halpert, M.D., 
Dept. of Radiology, H. Lee Moffitt Cancer Center, 
12902 Magnolia Dr., Tampa, FL 33612. The Uni- 
versity of South Florida is an affirmative action/ 
equal opportunity institution. Bap 


VASCULAR/INTERVENTIONAL RADIOLOGIST, 
LONG ISLAND, NY—BSoard-certified radiologist 
with fellowship training or equivalent experience 
in vascular/interventional radiology needed to join 
a 5-member group starting July 1992. Angio suite 
currently being upgraded to latest state-of-the-art 
equipment. Must be willing to do most aspects of 
diagnostic radiology. This well-established prac- 
tice includes a 325-bed community hospital, a 
private diagnostic radiology office, and a 1-yr-old 
MRI facility. Generous salary leading to full part- 
nership. Contact Ira Langer, M.D., 250 Hospital 
Rd., Patchogue, NY 11722; (516) 475-1030. 8-T1ap 


PRIVATE PRACTICE IN MIDTOWN MANHATTAN 
seeks a board-certified diagnostic radiologist with 
experience and interest in mammography and 
ultrasound. Send CV to Julie S. Mitnick, M.D., and 
Bala Subramanyam, M.D., Murray Hill Radiology, 
30 E. 40th St., Ste. 1100, New York, NY 10016. 8ap 


IMMEDIATE OPENING FOR BE/BC RADIOLO- 
GIST in a regional hospital with a patient base of 
25,000 located in a scenic western Wyoming com- 
munity, Great outdoor recreation area. Competi- 
tive reimbursement. Ultrasound/CT/general 
radiology. Interested persons contact Paul 
Sonntag, M.D., P O. Box 629, Ogden, UT 84402; 
(801) 625-2092. 8~lap 


CLASSIFIED ADVERTISEMENTS 


ALASKA AREA NATIVE HEALTH SERVICE— 
Public-service-oriented radiologists needed for 
cross-cultural health care in Anchorage and Sitka, 
AK. Salary $85-$95K+, excellent benefits. 
Medical school loan repayment up to $25K/yr 
additional. Contact Ken Bartline, AN. 
(907) 257-1457, collect. Indian Health Service. An 
equal opportunity employer. 8~1a 


TWO RADIOLOGISTS, KANSAS CiTY—There is 
an opening for 2 radiologists, 1 immediately and 
1 in July 1992, to join an expanding 4-person 
group in a 300-bed hospital and a future large, 
outpatient center. We are looking for a radiologist 
to head special procedures and the interventional 
section. The other person could be a general 
radiologist or have any other subspecialty train- 
ing. Competitive salary. All benefits lead to early 
full partnership. Reply to George F. Drasin, M.D., 
4949 Rockhill Rd., Kansas City, MO 64110. 8--10ap 


FACULTY POSITION IN ABDOMINAL IMAGING 
Dartmouth-Hitchcock Medical Center is seeking 
a faculty member at the associate professor level 
with experience and interest in abdominal imag- 
ing radiology. Clinical responsibility will be in an 
entirely new 400-bed, clinical facility opening in 
Oct. 1991 with state-of-the-art instrumentation. 
Position will involve responsibility for residency 
training in GI/GU area. Proven record of 
academic performance including research and 
teaching with an interest in providing academic 
guidance for energetic staff of younger radiolo- 
gists necessary. Interested candidates write with 
CV to Peter K. Spiegel, M.D., Chairman, Dept. of 
Diagnostic Radiology, Dartmouth-Hitchcock 
Medical Center, Hanover, NH 03756. AA/EOE. 
Sxap 


THE DEPT. OF RADIOLOGY AT BROOKE 
ARMY MEDICAL CENTER, SAN ANTONIO, TX, 
is recruiting academic radiologists for several divi- 
sions of the dept., including ultrasound, chest, 
skeletal, neuroradiology, general diagnostic, inter- 
ventional radiology, and mammography. Our dept. 
offers a fully accredited residency program with 
24 residents and 16 attending full-time staff. 
Numerous consultants from across the country 
lecture on a continuing and regular basis. The 
hospital is a modern, tertiary-care center serving 
Texas, Oklahoma, and Louisiana. A strong resi- 
dency program, interesting patient population, 
excellent equipment, teleradiology and digital 
radiology implementations underway, coupled 
with a south Texas lifestyle are positive aspects 
of the practice. Academic credentials and/or 
experience are necessary. Recently graduated 
fellows are encouraged to apply. Board certifica- 
tion is mandatory. Candidates should be particu- 
larly interested in patient care, teaching, and 
research. Salary and benefits are competitive and 
generous. Brooke is an EO/EEO employer. 
Please contact Dr. Billy E. Cunningham, COL, 
MC, Assistant Chief, Dept. of Radiology, Brooke 
Army Medical Center, Fort Sam Houston, TX 
78234-6200; (512) 221-8418/8218. 8a 


THE DEPT. OF RADIOLOGY AT WALTER REED 
ARMY MEDICAL CENTER is recruiting academic 
radiologists. We need board-certified radiologists 
to work in this famous and modern health-care 
center. Our dept. has a residency program con- 
sisting of 24 residents and several fellows. 
Subspecialists are needed in ultrasound, chest, 
mammography, genitourinary, gastrointestinal, 
pediatric, CT, MRI, and interventional radiology, 
as well as general radiology. Excellent opportunity 
to live in the nation’s capital and also become an 
integral part of a large teaching program. Salaries 
are competitive and generous. Highly motivated 
applicants should contact Col. Mark F. Hansen, 
Radiology Consultant to the Army Surgeon Gen- 
eral, Dept. of Radiology, TAMC, HI 96859-5000; 
(808) 433-6393. 8a 
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THE RADIOLOGY DEPT. AT DWIGHT DAVID 
EISENHOWER ARMY MEDICAL CENTER is 
recruiting academic radiologists. The dept. 
provides a full range of services including 
angiography, ultrasound, CT (with a new GE 9800 
Advantage system), and MRI (with a new 1.5-T GE 
Signa system). Development is underway for the 
installation of a digital teleradiology link to area 
medical facilities. The dept. is also beginning a 
radiology residency program in affiliation with the 
program at the Medical College of Georgia in 
Augusta. With this growth, the dept. has gener- 
ated a need for several academic diagnostic 
radiologists. Board-certified diagnostic radiolo- 
gists with academic credentials and/or experi- 
ence are urged to apply. Fellowship training is 
desired, especially in interventional radiology 
and/or angiography, however candidates at all 
levels will be considered. Candidates should be 
particularly interested in patient care, teaching, 
and research. The medical center is located on 
Fort Gordon, GA, adjacent to Augusta and is the 
tertiary-care hospital supporting 9 Army commu- 
nity hospitals of the southeastern region and 
Puerto Rico. The hospital supports fully accred- 
ited residency programs in family practice, 
general surgery, medicine, orthopedics, path- 
ology, and psychiatry. Salary and benefits are 
competitive and generous. The medical center is 
an EO/EEO employer. Piease contact Dr. Thomas 
M. Ralston, LIC., Chief, Radiology Dept., 
Eisenhower Army Medical Center, Fort Gordon, 
GA; (404) 791-6245. 8a 


CHAIRMAN, DEPT. OF DIAGNOSTIC RADI- 
OLOGY, ALBERT EINSTEIN MEDICAL CENTER 
Albert Einstein Medical Center is a tertiary-care, 
600-bed hospital with major affiliations with 
Temple University School of Medicine. We are 
now seeking a full-time chairman for the Dept. of 
Diagnostic Radiology, which includes an indepen- 
dent, fully accredited residency program. The 
dept. has active divisions of general radiology, 
ultrasound, body imaging, mammography, car- 
diac radiology, nuclear medicine, advanced 
muscular skeletal imaging, MRI, and special 
procedures. it is equipped with state-of-the-art 
equipment and has an active research program 
consisting of dedicated M.D’s and Ph.D. scien- 
tists who provide special expertise in radiation 
biology. The professional staff consists of full-time, 
board-certified, diagnostic radiologists who hold 
faculty positions at Temple University School of 
Medicine. Currently the dept. provides over 
180,000 diagnostic and nuclear exams/yr and 
provides ancillary services at 2 other satellite loca- 
tions. The successful candidate must possess 
strong academic credentiais and demonstrate 
capabilities in patient care, education, research, 
and administration. He/she would be expected to 
qualify for an appointment as a free professor and 
a senior associate chairman of the Dept. of Radi- 
ology at Temple University School of Medicine. 
Please submit CV to |. Daskal, M.D., Ph.D., 
Chairman, Dept. of Pathology and Laboratory 
Medicine, and Chairman, Dept. of Radiology 
Search Committee, Albert Einstein Medical 
Center, 5501 Old York Rd., Philadelphia, PA 
19141-3098, Equal opportunity employer. 8a 


PEDIATRIC RADIOLOGIST—The Mallinckrodt 
Institute of Radiology has an opening for a 
pediatric radiologist. Faculty rank of instructor, 
assistant, or associate professor will be based on 
experience. Work site is St. Louis Children’s 
Hospital in a well-equipped pediatric section 
performing approximately 58,000 studies/yr. 
Duties include ultrasound, body CT, and general 
pediatric radiology. MR to be installed on-site 
within the yr. Interested persons should contact 
William H., McAlister, M.D., Mallinckrodt Institute 
of Radiology, 510 S. Kingshighway Bivd., St. 
Louis, MO 63110. 8-9a 
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MRI RADIOLOGIST/MEDICAL DIRECTOR—The 
Western New York MRI Center, a consortium of 
7 large hospitalis in Buffalo, NY, is seeking a 
board-eligible/certified radiologist with fellowship 
training in MRI. The Center is affiliated with a 
university residency program. Responsibilities 
include supervision of a Siemens SP63 1.5-T free- 
standing imaging center, clinical body and neuro 
MRI interpretation, and teaching. Please send 
letter of inquiry and CV to David W. Shoemaker, 
M.D., Western New York MRI Center, 222 Gen- 
esee St., Buffalo, NY 14203. 8ap 
MUSCULOSKELETAL RADIOLOGIST, UNIVER. 
SITY OF ARKANSAS FOR MEDICAL SCi- 
ENCES, LITTLE ROCK—Join a busy group 
serving 2 hospitals covering CT, MRI, 
arthrography, and occasional biopsies, with addi- 
tional coverage in mammography and some gen- 
eral radiology. Excellent rapport with orthopedic 
dept. Little Rock gives many large city amenities 
without the crowded, hectic lifestyle. Send CV to 
Richard L. FitzRandolph, M.D., or Ernest J. Ferris, 
M.D., University of Arkansas for Medical Sci- 
ences, 4301 W. Markham, Slot #556, Little Rock, 
AR 72205. 8a 


CHIEF, AMBULATORY CARE CLINIC, UNIVER- 
SITY OF ARKANSAS FOR MEDICAL SCIi- 
ENCES—We are seeking a person with excellent 
general radiology experience with special interest 
and competence in bone radiology and mammog- 
raphy to oversee a busy outpatient clinic imme- 
diately attached to the hospital and the Arkansas 
Cancer Research Center. Excellent lifestyle 
opportunities afforded by both large-city amenities 
and multiple outstanding outdoor recreational op- 
portunities. Send CV to Richard L. FitzRandolph, 
M.D., or Ernest J. Ferris, M.D., University of 
Arkansas for Medical Sciences, 4301 W. 
Markham, Slot #556, Little Rock, AR 72205. 8a 


CLINICAL DIRECTOR, MRIi—MetroHealth 
Medical Center, a 1,000-bed teaching hospital 
affiliated with Case Western Reserve University 
(CWRU), is seeking a clinical director for its MRI 
section. MHMC is a Level | trauma center provid- 
ing tertiary care in the Cleveland metropolitan 
area. The director of MRI will head a major 
research and Clinical service. Responsibilities 
include overseeing daily operations, research 
leadership in investigative MR, and development 
of collaborative ventures with the physics 
research group and other members of the Dept. 
of Radiology, hospital, and university. The posi- 
tion provides an excellent opportunity for research 
and resident education as well as professional 
development. The Dept. of Radiology is an active, 
academic dept. with state-of-the-art equipment in 
angiography, CT, ultrasound, and nuclear medi- 
cine and has an approved residency program. 
The MR section includes a 1.5-T imager (2nd 
system will be installed by Fall 1991), independent 
development workstation, 3-D engine (Voxel- 
Flinger), RF lab, and Starden Titan minicomputer. 
The research group includes 4 Ph.D. scientists 
and 4 graduate students. Candidates will be 
board-certified, have demonstrated experience in 
MRI research, have dedicated MR training, and 
be eligible for Ohio medical licensure. The ideal 
candidate will currently possess an assistant 
professor or higher rank with administrative 
experience preferred. MetroHealth Medical 
Center offers attractive compensation and bene- 
fits. The selected candidate will be recommended 
for a faculty appointment at CWRU School of 
Medicine commensurate with his/her experience. 
Interested candidates should forward CV and 
other pertinent information to Erroi M. Bellon, 
M.D., Director, Dept. of Radiology, MetroHealth 
Medical Center, 3395 Scranton Rd., Cleveland, 
OH 44109; fax (216) 459-4072. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 


CLASSIFIED ADVERTISEMENTS 


FACULTY RADIOLOGIST, BODY MAI DIVISION, 
THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—The Dept. of Radiology at Thomas Jefferson 
University Hospital has an opening for a radiolo- 
gist in an active, body MRI section that encom- 
passes a clinical mix of approximately 50% 
musculoskeletal and 50% chest/abdomen/pelvis 
cases. Equipment includes 4 1.5-T GE Signa 
systems with state-of-the-art and advanced pro- 
totype hardware and software. A full-yr body MRI 
fellowship and/or 1 yr of academic MRI 
experience is preferred. Clinical cross coverage 
in ultrasound and/or general radiology also can 
be incorporated depending on the interests and 
qualifications of the candidate. Dedicated, non- 
Clinical research time is provided, and the dept. 
has excellent research facilities and support, 
including 2 MRI physicists, a radiology animal 
facility, radiology research funding, and a team 
of research assistants. Excellent faculty incomes 
and benefits are offered within a financially secure 
dept. and university hospital. This is a unique 
opportunity for an academically oriented MRI 
radiologist to join a dynamic and rapidly growing 
dept. Interested candidates should contact 
Donald G. Mitchell, M.D., Director of MRI, Dept. 
of Radiology, 1032 Main Bldg., Thomas Jefferson 
University Hospital, Philadelphia, PA 19107: 
(215) 955-4809. Jefferson is an equal opportunity/ 
affirmative action employer. 8xa 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COL- 
LEGE OF VIRGINIA, AND THE MCGUIRE VA 
MEDICAL CENTER, RICHMOND, VA, seek 
faculty for positions in diagnostic radiology (chest, 
GI, mammography, CT/ultrasound/MR, musculo- 
skeletal, pediatrics, ER, angio/interventional, and 
neuroradiology), nuclear medicine, and radiologic 
physics. MCV is a 1058-bed facility (205 for 
children) and a Level | trauma center. The 
McGuire VAMC is an 800-bed facility (pediatrics 
excluded). ABR certification of eligibility required. 
Individual should have experience working in a 
culturally diverse environment. Academic rank 
and salary commensurate with experience. For 
position description or to submit CV write or 
phone A. V. Proto, M.D., Dept. of Radiology, MCV 
Box 470, Richmond, VA 23298-0470; (804) 
786-7212. VCU/MCV is an equal opportunity/affir- 
mative action employer. Women and minorities 
are encouraged to apply. 8-9ap 


CHAIRMAN, DEPT. OF RADIOLOGY—The Uni- 
versity of Texas Medical School at Houston is 
seeking a chairman of the Dept. of Radiology to 
provide leadership of the programs at the medical 
school and its affiliated institutions, Hermann 
Hospital and Lyndon B. Johnson General Hospi- 
tal. Significant experience and accomplishments 
in academic radiology and documented evidence 
of administrative and managerial skills are 
required. Dedication to the pursuit of excellence 
in research, teaching, and clinical service in an 
academic environment is essential. Applicant 
must be certified by the American Board of 
Radiology or its equivalent. Applications will be 
accepted until a suitable candidate is selected. 
interested applicants should submit a CV to Dr. L. 
Maximilian Buja, Chairman, Search Committee 
for Radiology Chair, Dept. of Pathology and Labo- 
ratory Medicine, The University of Texas Medical 
School at Houston, 6431 Fannin, MSB2.136, 
Houston, TX 77030; (713) 792-5210. The Univer- 
sity of Texas is an equal opportunity employer. 
Women and minorities are encouraged to apply. 
8a 
INTERVENTIONAL/NEURORADIOLOGIST 
needed for large, private-practice group. Salary 
leading to partnership. Respond to Marc A. Hertz, 
M.D., Northern Metropolitan Radiology Associ- 
ates, P.C., 3630 Hill Bivd., Jefferson Valley, NY 
10535; (914) 245-8935. Bap 
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DIAGNOSTIC RADIOLOGIST, WASHINGTON— 
The Moses Lake Clinic is seeking a well-trained 
diagnostic radiologist to join a group of progres- 
sive multispecialty physicians. This is an oppor- 
tunity to work in a beautiful facility that offers 
mammography, fluoroscopy, ultrasound, diag- 
nostic radiology, and CT. Competitive compensa- 
tion, excellent benefit package, located in central 
Washington. Contact Terry W. Coplin, Adminis- 
trator, 840 Hill Ave., Moses Lake, WA 98837: 
(509) 765-0216. 8-10a 


DIAGNOSTIC RADIOLOGIST, NEW MILFORD, 
CT—A third radiologist is sought for a busy, private 
practice located in 1 of the most beautiful areas 
of Connecticut. We provide the full range of 
diagnostic services for a modern, well-equipped, 
community hospital. Choice environment: excel- 
lent compensation. Send inquiries and CV to 
Jules White, M.D., New Milford Hospital, 21 Elm 
St., New Milford, CT 06776; (203) 355-2611, ext. 
235. 8—l1ap 


DIAGNOSTIC RADIOLOGIST needed to join an 
expanding, multimodality breast center located in 
east Tennessee, near the foothills of the Smoky 
Mountains. Please send CV to Kamilia Gitschiag, 
M.D., Bluepointe PI, 6307 Lonas Dr, Knoxville, 
TN 37909. 8-9ap 


THE DEPT. OF RADIOLOGY OF THE CHIL- 
DREN’S MEMORIAL HOSPITAL CHICAGO, is 
seeking a pediatric radiologist. Children’s 
Memorial Hospital is a 265-bed facility, well- 
equipped with state-of-the-art MR, CT. utra- 
sound, and nuclear medicine equipment. 
Currently there are 11 attending radiologists in the 
dept. Applicants must be certified by the Amer- 
ican Board of Radiology and have completed a 
fellowship in pediatric radiology. Duties include 
clinical services, teaching, and research. 
Children’s Memorial is affiliated with Northwestern 
University Medical School. This is a full-time posi- 
tion starting as soon as possible. Please send CV 
to Andrew K. Poznanski, M.D, Radiologist-in- 
Chief, Children’s Memorial Hospital, 2300 
Children’s Plaza, Chicago, IL 60674, For inquiries, 
please call (312) 880-3520. Children's Memorial 
Hospital and Northwestern University are affir- 
mative action/equal opportunity employers. Hiring 
is contingent on medical licensure in illinois. 8-Ga 


ANGIOGRAPHY/INTERVENTIONAL RADIOLO- 
GIST needed to join the staff at Wiliam Beaumont 
Hospital, a modern, major, tertiary-care, teaching 
medical center in southeastern Michigan with 
residency and fellowship prograrns in diagnostic 
radiology. The dept. is expanding its state-of-the- 
art facilities to accommodate increasing demands 
on patient care. Fellowship in angiography/inter- 
ventional radiology is required. Past experience in 
academic institutions is desirable. Area offers 1 of 
the best educational and recreational facilities. 
Excellent compensation, Write to Jalil Farah, M.D., 
Chairman, Diagnostic Radiology, Wiliam Beau- 
mont Hospital, 3601 W. 13 Mile Fd., Royal Oak, MI 
48073. 6~8ap 


COME TO CALIFORNIA WITH A LICENSE 
FROM ANY STATE—Loma Linda VA Hospital 
has a vacancy for a board-certified radiologist. 
A current license from any state is acceptable. 
Loma Linda is located 70 mi. east of Los Angeles 
near beaches, mountain ski resorts, and south- 
land theme parks. This is a 500-bed, full-service 
hospital with a comprehensive diagnostic facility 
including ultrasound, CT, and MRI integrated 
with the Loma Linda University Medical Center 
residency training program. Opportunities exist 
to pursue clinical or academic interests. For 
additional information, contact Peter Dure-Smith, 
M.D., Chief, Radiology (114), Jerry L. Pettis Memo- 
rial Veterans Hospital, 11201 Benton SL, Lorna 
Linda, CA 92357; (714) 422-3069, fax (714) 
422-4106. Equal opportunity employer. 3-Bap 
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TRAUMA RADIOLOGIST—The State University 
of New York Health Science Center at Brooklyn 
seeks to add a board-certified/eligible radiologist 
to join the Division of Traumatology at Kings 
County Hospital Center, a 1300-bed tertiary facility 
and Level | Trauma Center with an international 
reputation in trauma services. The radiologist is an 
integral member of the trauma service of the Dept. 
of Surgery. Opportunities to join ongoing clinical 
investigations of the use of radiography, CT, 
angiography/interventional radiology, and ultra- 
sound in the trauma patient are availabie. 
Academic rank and salary are commensurate with 
experience. CV should be addressed to Salvatore 
J. A. Sclafani, M.D., Dept. of Radiology, Kings 
County Hospital Center, 451 Clarkson Ave., 
Brooklyn, NY 11203, An EO/AA employer. 7~9ap 


IMMEDIATE OPENING IN PALM SPRINGS, CA 
Radiologist with MRI expertise/specialization 
needed to join 10-person group in community 
hospital/office practice. Contact Marvin d. Frie- 
denberg, M.D., Dept. of Radiology, Desert Hospi- 
tal, 1150 N. Indian, Palm Springs, CA 92262. 8xa 


IMMEDIATE OPENING IN PALM SPRINGS, CA 
Radiologist with mammography expertise/spe- 
cialization needed to join 10-person group in com- 
munity hospital/office practice. Contact Marvin J. 
Friedenberg, M.D., Dept. of Radiology, Desert 
Hospital, 1150 N. Indian, Palm Springs, CA 92262. 
8xa 


RADIOLOGIST/ANGIOGRAPHER—There is an 
opportunity to join a progressive group of 11 
board-certified radiologists practicing at the 
Lehigh Valley Hospital Center, a 500-bed, univer- 
sity-affiliated hospital. The position requires 
angiographic/interventional skills and an interest 
in general radiology including CT and ultrasound. 
The radiology dept. has state-of-the-art equipment 
including 2 angiographic suites, 3 CT scanners, 
color flow Doppler, and MRI. The hospital is an 
acute-care facility and a state-designated Level 1 
Trauma Center, located 1 hr from Philadelphia and 
11/2 hr from New York. The radiology dept. offers 
a postresidency fellowship program that includes 
training in angiography. The position offers a 
competitive salary and benefit package that leads 
to full partnership. For further information, contact 
Robert Kricun, M.D., Dept. of Radiology, Lehigh 
Valley Hospital Center, P.O. Box 689, Allentown, PA 
18105; (215) 776-8088. 6-8ap 


SUPERB PARTNERSHIP POSITION IN LAS 
VEGAS, NV-——Rapidly expanding, 7-member 
group practice covering 2 full-service imaging 
centers and a smali hospital has an immediate 
opening. We are looking for an additional board- 
certified radiologist with an uncommon dedication 
to excellence in patient care. Our outpatient 
facilities include 2 MR, 2 CT, angio with a 4-bed 
recovery area, 5 ultrasound, 5 mammography, 2 
SPECT, pius R & F. This is an excellent oppor- 
tunity for a partnership position with a well- 
respected group in a growing community. Please 
send CV to Dr. Mark Winkler, SDMI, 2950 S. 
Maryland Pkwy., Las Vegas, NV 89109. 5-10a 


PHYSICIAN/RADIOLOGIST—Full-time opening 
for board-certified radiologist in a desirable south- 
ern New Jersey shore location. This is an active, 
challenging, expanding hospital- and office-based 
practice. Must have training in CT, ultrasound, and 
MRI. Send CV to RABC, P.O. Box 729, Mt. Holly, 
NJ 08060. 6-8ap 


DIAGNOSTIC RADIOLOGIST—Position for a 
board-certified radiologist to provide sole coverage 
for a 27-bed hospital in a southeast Idaho 
community of 20,000. Immediate potentia! for a 
$220,000 practice while still having time to enjoy 
geographical amenities. Contract available. 
Piease call or write Randall G, Holom, 1224 8th 
St., Rupert, ID 83350; (208) 436-0481. 6-8a 
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DIAGNOSTIC RADIOLOGIST, LONG ISLAND, 
NY—Board-certified radiologist with expertise in 
MRI needed to join a 5-member group starting in 
July 1991. Fellowship training in MRI or neuro- 
radiology is desirable, Must be willing to do most 
aspects of diagnostic radiology. This well-estab- 
lished practice includes a 325-bed community 
hospital, a private diagnostic radiology office, and 
a t-yr-old MRI facility with a high-field-strength 
magnet. Generous Salary leading to full partner- 
ship. Contact Ira Langer, M.D., 250 Hospital Rd., 
Patchogue, NY 11772; (516) 475-1030. 7~8ap 


DIAGNOSTIC RADIOLOGIST, FLORIDA—Staff 
radiologist is being sought by the University of 
Florida Health Science Center/Jacksonville for a 
full-time faculty position. Special interest, exper- 
tise, or fellowship training in CT, ultrasound, MR, 
interventional, or nuclear radiology is preferable. 
Salary and fringe benefits are excellent. An aca- 
demic appointment will be at the instructor/assis- 
tant professor/associate professor/professor 
academic rank depending on training, back- 
ground, and experience. Application recruiting 
deadline is Sept. 1, 1991. Send CV and references 
to Chairman, Search Committee, Dept. of Radi- 
ology, University Medical Center, 655 W. Eighth 
St., Jacksonville, FL. 32209. AA/EOQE. 7-8a 


RADIOLOGIST—BC/BE radiologist needed to 
ioin 2-person practice covering 2 hospitals in the 
central mountains of Colorado. Ample free time 
and excellent outdoor recreational opportunities. 
Contact E. J. Loeffel, M.D., RO. Box 415, Buena 
Vista, CO 81211; (719) 539-3782. 7-9ap 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MASSACHUSETTS MEDICAL CENTER 
in Worcester is seeking a BC/BE radiologist with 
a major interest in abdominal radiology with 
fellowship experience desirable. A strong interest 
in teaching and collaborative clinical research is 
desired. Rank and salary are commensurate with 
experience. The medical center is a 370-bed 
university hospital and medical school located 
approximately 40 mi. west of Boston. The dept. 
consists of 22 staff, 13 residents, and 2-4 fellows 
and does approximately 130,000 exams/yr. The 
dept. is well-equipped with 2 GE 9800 HiLite CT 
scanners, 2 GE 1.5-T MRI scanners in a stand- 
alone facility, a 2.0-T small-bore unit for animal 
research, several state-of-the-art ultrasound scan- 
ners, color Doppler, transrectal ultrasound, etc. 
The hospital is a major trauma center and is 
serviced by 2 Life Flight helicopters. For further 
information, contact Edward H. Smith, M.D., 
Professor and Chair, Dept. of Radiology, Univer- 
sity of Massachusetts Medical Center, 55 Lake 
Ave. N., Worcester, MA 01655; (508) 856-3252. 
UMMC is an equal opportunity/affirmative action 
employer. 8xa 


THE DIVISION OF NUCLEAR MEDICINE, Ore- 
gon Health Sciences University, Portland, OR, 
invites applications for a faculty position available 
immediately either part-time in nuclear medicine 
or full-time divided between nuclear medicine and 
another division of diagnostic radiology. Board 
certification in nuclear medicine is required. Send 
CV and references to William Weidner, M.D., 
Chairman, Diagnostic Radiology, UHN 72, Oregon 
Health Sciences University, Portland, OR 
97201-3098. OHSU is an affirmative action, equa! 
opportunity employer. 7-8a 


DIAGNOSTIC RADIOLOGIST—8C/BE radicio- 
gist wanted to join expanding practice of 12 radi- 
ologists in northeastern Pennsylvania. Practice 
includes 3 hospitals (720 beds) and free-standing 
MRI. Candidate must have experience in angi- 
ography and interventional radiology, and be 
willing to cover other areas of diagnostic imaging. 
Contact Paul M. Leiman, M.D., Dept. of Radiol- 
ogy, Moses Taylor Hospital, 700 Quincy Ave., 
Scranton, PA 18501; (717) 963-2601. 8-Sap 
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IMMEDIATE OPENING FOR A BC/BE DIAG- 
NOSTIC RADIOLOGIST—Join 1 other as a full- 
time partner under fee-for-service billing. Ideal 
family community located in western Pennsyl- 
vania, approximately 60 mi. north of Pittsburgh. 
This is an acute-care hospital with 180 beds doing 
approximately 30,000~35,000 exams/yr. Need 
experience in general radiology, some angiog- 
raphy and interventional procedures, ultrasound, 
CT, MRI (mobile), and mammography services. 
Applicant should respond as soon as possible with 
letter of interest and current CV to Wan Jo Kim, 
M.D., Director of Radiology, St. Francis Hospital 
of New Castle, 1000 S. Mercer St., New Castle, PA 
16101; (412)  656-6011/6116 (before 
5 p.m.), (412) 656-0752 (after 5 p.m.). 7-9ap 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGIST~-The State University of New 
York Health Science Center at Brooklyn seeks a 
board-certitied/eligible radiologist with fellowship 
training in interventional radiology for a faculty 
position. The institution is a 1700-bed facility, 
including the Kings County and the State Uni- 
versity hospitals. The medical center performs 
approximately 2000 diagnostic and interventional 
procedures, including angioplasty, embolization, 
caval filters, gastrointestinal, genitourinary, and 
pulmonary interventions. When ongoing renova- 
tions are complete, there will be 5 new vascular 
digital rooms. Research time and facilities are 
available. Rank and salary are commensurate with 
qualifications. CV should be addressed to 
Salvatore J. A. Sclafani, M.D., Kings County 
Hospital Center, Dept. of Radiology, 451 Clarkson 
Ave., Brooklyn, NY 11203; (718) 245-4447. An 
EO/AA employer. 7-9ap 


NORTHERN CALIFORNIA—The Permanente 
Medical Group, Inc., is seeking a BC radiologist 
with multimodality interests and fellowship train- 
ing in MR to join a 12-person group serving a 
337-bed, acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital as well as our own 
medical residents. We have sited a GE 1.5-T MRI 
system. Competitive salary and excellent benefits. 
Send CV to Bruce Baker, M.D., Chief, Dept. of 
Radiology, Kaiser Permanente Medical Center, 
900 Kiely Bivd., Santa Clara, CA 95051; (408) 
236-4444, EOE. 7-8a 


FAIRBANKS, AK—Four diagnostic radiologists 
seek fifth partner for diversified practice including 
general radiology, ultrasound, nuclear medicine, 
MRI (GE 1.5-T), and CT (GE 9800). Hospital and 
office practice. Desirable life-style advantages in 
a university town. Unlimited access to the out- 
doors. Excellent salary, benefits, retirement, and 
vacation. One yr to full partnership. Contact 
Douglas Hutchinson, M.D., 1919 Lathrop #5, 
Fairbanks, AK 99701; (907) 452-5092. 8-10ap 


LARGE, GROWING RADIOLOGY PRACTICE IN 
CENTRAL NEW JERSEY and adjacent Penn- 
sylvania region seeks diagnostic radiologist with 
expertise in 1 or more of the following: CT/ultra- 
sound, angio/interventional, or nuclear medicine. 
Send resume to E. Tarasov, M.D., 838 W. State St., 
Trenton, NJ 08618. 7-9a 


INDIANAPOLIS, IN—-Practice opportunity for a 
radiologist to serve as medical director of a new, 
freestanding, privately owned, imaging center with 
CT and high-field MR. Facility will be managed by 
and affiliated with the Center for Diagnostic 
Imaging in Minneapolis, MN. MR experience 
mandatory. Subspecialty experience in MR desir- 
able. Board certification and ability to obtain licen- 
sure in Indiana required. Please send inquiries 
with CV to Cooper R. Gundry, M.D., Center for 
Diagnostic imaging, 5775 Wayzata Bivd., Ste. 190, 
Minneapolis, MN 55416. All inquiries entirely 
confidential. No telephone calls please. 7-9ap 
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SOUTHERN OREGON —-Opportuniy for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitals 
and own private office. Competitive starting salary 
with early full partnership. Excellent lifestyle with 
many outdoor activities from Pacific Coast to 
Oregon Cascades. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, PC., P. O. 
Box 1547, Roseburg, OR 97478. 8~tap 


SAN FRANCISCO BAY AREA, DIAGNOSTIC 
RADIOLOGY—Full-time position available as of 
July 1992 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desir- 
able. Contact J. Fish, M.D., c/o Walnut Creek 
Radiology, 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596; (415) 947-0560. 8~10xa 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Wainut Creek, 
CA 94596; (415) 947-0560. 8-10xa 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULY, HI, is recruiting 
academic radiologists for several divisions of the 
dept. including ultrasound, chest radiology, skele- 
tal, neuroradiology, general diagnostic radiology, 
MRI, interventional radiology, and mammography. 
Our dept. offers a fully accredited residency 
program with 21 residents and 16 attending full- 
time staff. Numerous consultants from across the 
country lecture on a continuing and regular basis. 
The hospital is a modern, tertiary-care center 
serving Hawaii and the entire Pacific Basin. A 
Strong residency program, diverse and interesting 
patient population, excellent equipment, and 
tropical lifestyle are positive aspects of the prac- 
tice. Academic credentials and/or experience 
are necessary. Recently graduated feliows are 
encouraged to apply. Board certification is man- 
datory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. 
Salary and benefits are competitive and generous. 
Tripler is an EO/EEO employer. Please contact Dr. 
Mark F. Hansen, Col, MC, Chief, 
Dept. of Radiology, TAMC, HI 96859-5000; (808) 
433-6393. 7-6a 


PEDIATRIC RADIOLOGIST—The Division of 
Pediatric Radiology, Oregon Health Sciences 
University, Portland, OR, invites applications for a 
faculty position available on or about July 1, 1991. 
Completion of approved fellowship in pediatric 
radiology and ABR certification required. Send CV 
to William Weidner, M.D., Diagnostic Radiology, 
UHN-72, Oregon Health Sciences University, 
Portland, OR 97201-3098; (503) 494-4498, Equal 
opportunity, affirmative action employer. 7-9a 


MRI/ABDOMINAL IMAGING NEW YORK/NEW 
JERSEY METROPOLITAN AREA—Board-certi- 
fied/eligible radiologist needed for a position 
beginning July 1, 1991. Must have fellowship 
training in MRI and training in CT, ultrasound, and 
Gi studies. Private practice with 400-bed hospital 
and outpatient imaging center located in northern 
New Jersey, near New York City. Send inquiries to 
James A. Heimann, M.D., Dept. of Radiology, 
Clara Maass Medical Center, 1 Franklin Ave., 
Belleville, NJ 07109. 7~12ap 


NORTHERN CALIFORNIA, IMMEDIATE OPEN- 
iING—Large, diagnostic group seeks BC/BE 
radiologist to join diversified practice (4 hospitals 
and 7 offices) on full partnership basis. All moda- 
lities available. Send CV or call Andrew Koo, 
M.D., PO. Box 9525, San Jose, CA 95157; (408) 
244-2100. 7-9ap 


CLASSIFIED ADVERTISEMENTS 


CHEST RADIOLOGIST, CLEVELAND CLINIC 
FOUNDATION—The Cleveland Clinic Foundation 
has an opening for a staff position in the Section 
of Thoracic Imaging. The foundation is a 1000- 
bed hospital with a large outpatient population and 
an international referral base. Successful 
applicants will be involved in all diagnostic modali- 
ties, including CT, MRI, and interventional proce- 
dures. A strong interest in teaching, research, and 
patient care is required. Applicants should be 
board-certified, fellowship-trained, or have equiva- 
lent experience. Excellent salary and benefit 
package. Send CV to Moulay A. Meziane, M.D., 
Head, Section of Thoracic Imaging, Cleveland 
Clinic Foundation, One Clinic Center Dr., Cleve- 
land, OH 44195-5021. The Cleveland Clinic Foun- 
dation is an equal opportunity employer. 5-10ap 


DIAGNOSTIC RADIOLOGIST, EL PASO, TX— 
BE/BC radiologist with special competence in 
body imaging sought to join busy hospital radi- 
ology practice at a community medical center with 
a total of 330 beds. Modern imaging dept. with 
1.5-T GE MR, CT, nuclear medicine with SPECT, 
ultrasound, angiography with DSA, mammog- 
raphy, and diagnostic radiography. Excellent 
salary, vacation, and benefits leading to early 
partnership. Send inquiries with CV to Roy K. Poth, 
M.D., 1625 Medical Center Dr., El Paso, TX 79902. 
5-8ap 


LOCUMS NATIONWIDE--BC or BE diagnostic 
radiologists needed for nationwide locums. Oppor- 
tunities range from 1 wk to several mo. Exceptional 
compensation and all travel expenses. Call Pro- 
fessional Temporary Services, Inc., 790 Cardinal 
Rd., P.O. Box 2702, New Bern, NC 28561: (800) 
872-4534. 5~Ba 


THE UNIVERSITY OF MASSACHUSETTS MEDI- 
CAL CENTER, a tertiary-care hospital situated 40 
mi. from Boston, is seeking a third pediatric radi- 
ologist. The pediatric dept. services central and 
eastern Massachusetts as well as southern New 
Hampshire and northern Connecticut. All medical 
and surgical pediatric subspecialties are repre- 
sented and a broad range of pediatric pathology 
is encountered. Pediatric radiologists have the 
primary responsibility in ultrasound, CT, MRI, and 
interventional procedures in general radiologic 
exams. Competitive salaries and generous bene- 
fits are provided. For further information, contact 
Paul K. Kleinman, M.D., Dept. of Radiology, Uni- 
versity of Massachusetts Medical Center, 55 Lake 
Ave., N., Worcester, MA 01655; (508) 856-3124, fax 
(508) 856-4669, 8xa 


PRACTICE OPPORTUNITY IN FAST-GROWING 
LAS VEGAS, NV—Expanding, 6-member radiol- 
ogy group is seeking 2 additional BE/BC radiol- 
ogists for July 1991 and Jan. 1992. We currently 
serve 2 hospitals with an outpatient imaging center 
to open in Jan. 1992. Outstanding salary and 
benefits package leading to full partnership in 2 yr. 
Send CV or contact Marc Pomerantz, 
M.D., Head of Search Committee, 1925 Spode 
Ave., Henderson, NV 89014; (702) 388-4640. 
5~9ap 


DIAGNOSTIC RADIOLOGIST, IMMEDIATE 
OPENING—Ten-person radiology group seeks a 
diagnostic radiologist with fellowship training, 
including body MRI/body imaging, to join a busy, 
hospital-based practice located in rapidly growing 
north Dallas. GE 1.5-T magnet, Toshiba midfield 
magnet, 2 GE 9800 scanners, Acuson 128 with 
color flow Doppler, and new special procedures 
Suite with DSA. Please send CV to Box K54, 
AJR (see address this section). 8xa 


SAN ANTONIO, TX-—-Group covering multiple 
hospitals and clinics seeks radiologists with 
imaging and angiography skills. Send CV to 
Search Committee, M & S X-Ray Associates, PO. 
Box 15920, San Antonio, TX 78212-9510. 3-8ap 


4a 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MASSACHUSETTS MEDICAL CENTER 
in Worcester is seeking a BC/BE general 
radiologist with a major interest in chest and 
musculoskeletal radiology. A strong interest in 
teaching and collaborative clinical research js 
desired. Rank and salary are commensurate with 
experience. The medical center is a 370-bed 
university hospital and medical schoo! located 
approximately 40 mi. west of Boston. The dept. 
consists of 22 staff, 13 residents, and 2-4 fellows 
and does approximately 130,000 exarns/yr. The 
dept. is well-equipped with 2 GE 9800 Quick CT 
scanners as well as 2 GE 1.5-T MRI scanners in 
a stand-alone facility and a 2.0-T smail-bore unit 
for animal research. The hospital is a major traurna 
center and is serviced by 2 Life Flight helicopters. 
For further information, contact Edward H. Smith, 
M.D., Professor and Chair, Dept. of Radiology, 
University of Massachusetts Medical Center, 55 
Lake Ave. N., Worcester, MA 01655: (508) 
856-3252. UMMC is an equal opportunity/affir- 
mative action employer. 8xa 


OREGON—Opportunity for BC/BE radiologist to 
join 7 BC radiologists in growing practice in the 
Portland metropolitan area. Training/expertise in 
all aspects of radiology including MRI is required. 
The practice includes 2 suburban hospitals, an 
outpatient clinic, and a new multimodality outpa- 
tient imaging clinic. Competitive compensation 
with generous fringe package and partnership in 
2 yr. Send letter and CV to Jon C. Sewell, M.D., PO. 
Box 227, Oregon City, OR 97045: (503) 655-1439. 
7-8ap 

LOCUM TENENS—Earn top pay, Dort work for 
an agency. Work for yourself. For details, send 
name and address to Dr Monroe, 7035 Hwy. 6 
South, Ste. R 175, Houston, TX 77083; (743) 
341-9703. 7-8ap 


OPENING FOR BE/BC DIAGNOSTIC RADIOLO- 
GIST to join a 6-person group in Missoula, a 
university city of 45,000 located in mountainous 
western Montana. Looking for a general radioio- 
gist with proficiency in MRI, ultrasound, CT, 
angiography, etc. Administrative skills preferabie. 
Our group of 6 full-time radiologists covers both of 
Missoula’s hospitals (210 and 130 beds). Pro- 
gressive medical environment with 200 physi- 
cians. One yr to full partner income and 2 yr tc 
partnership, Competitive salary. Abundant nearby 
recreational opportunities include skiing, fishing, 
backpacking, and hunting. Send CV to Missoula 
Radiology, Inc., PO. Box 2039, Missoula, MT 
59806. 7-tiap 

UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of the University of Texas Medical Branch in 
Galveston has openings for persons trained and 
experienced in ultrasonography and mam- 
mography. The opportunity for academic advance- 
ment is great and benefits are generous. Salaries 
are competitive and living conditions are desirable, 
interested persons should contact Melvyn H. 
Schreiber, M.D., Chairman, Dept. of Radiology, 
UTMB, Galveston, TX 77550; (409) 761-1823. 
UTMB is an equal opportunity M/F/H/V affirma- 
tive action employer. UTMB hires only individuals 
authorized to work in the United States. 49a 


DALLAS, TX—A 12-member, subspecialty group 
seeks a board-certified, general radiologist for an 
immediate opening. Fellowship training preferred, 
but will consider qualified individual with special 
expertise. CT/ulfrasound, MRI, nuciear medicine, 
or angiography background particularly helpful. All 
imaging modalities available (state-of-the-art CT, 
angio, ultrasound, R&F, SPECT nuclear 
medicine, and MRI center}. Salary and bonuses 
are excellent. Health and malpractice paid. No 
buy-in to partnership. Send CV to H. Stuart Peake, 
M.D., PO. Box 814129, Dallas, TX 75381. (14) 
888-7055. 4-9ap 
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BC/BE RADIOLOGIST—Group practice in New 
Orleans, LA, has a great opportunity leading to 
partnership. Looking for a radiologist with imaging 
background or interest in special procedures. 
imaging center with 1.5-T GE Advantage System. 
Excellent hospitals and working conditions. Send 
CV to BBN. &H., 440 General Meyer Ave., 
Ste. 211, New Orleans, LA 70131; (504) 368-5074. 
7-10ap 


DIAGNOSTIC RADIOLOGIST with skilis in CT, 
MR, interventional, ultrasound, and nuclear medi- 
cine needed to join group of 8 board-certified 
radiologists. Growing practice in eastern Wash- 
ington at a 228-bed hospital, a new multimodality 
imaging center, and 2 private offices. Potential for 
long-term practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excellent 
hunting, fishing, boating, and skiing. Contact L. E. 
Crecelius, M.D., N. 5901 Lidgerwood, Ste. 18B, 
Spokane, WA 99207; (509) 482-2385. 5-10ap 


CROSS-SECTIONAL IMAGING/MRI/CT/ULTRA- 
SOUND—Diagnostic Radiology, Oregon Health 
Sciences University, Portland, OR, is recruiting a 
board-certified radiologist for its Body Imaging 
Section. Academic rank and salary depend on 
candidate’s experience and achievements. Send 
CV and reference letters to William Weidner, M.D., 
Chairman, Diagnostic Radiology, UHN 72, Oregon 
Health Sciences University, Portland, OR 
97201-3098. OHSU is an equal opportunity, affir- 
mative action employer. 7-8a 


BOSTON, IMMEDIATE OPENING—Radiologist 
wanted to join busy, well-established, private- 
practice group with 4 outpatient facilities. Exper- 
tise in ultrasound and mammography. No evening 
or weekend call. Excellent life-style, partnership 
opportunity. Send letter and CV to Box E49, AJR 
(see address this section). 6-ap 


SEATTLE COLLEAGUE WANTED—Growing 
radiology group seeks new member. Full-service 
radiology dept. (50,000 procedures/yr) offers 
diagnostic, nuclear medicine, ultrasound (includ- 
ing vascular-Doppler), interventional, CT, and 
MRI. Outpatient imaging dept. (building permits 
pending) scheduled to open late 1991 that will 
include high-field GE Signa MR with MRA. 
Extremely favorable track for partnership. For 
further information regarding this opening, please 
contact Mr. Richard G. Wedig, Highline Com- 
munity Hospital, 16251 Syivester Rd., S.W., 
Seattle, WA 98166; (206) 248-4561. 7-8ap 


IMMEDIATE OPENING FOR BC/BE GENERAL 
RADIOLOGIST with experience in interventional 
and vascular radiology. Join a group of 4 radiolo- 
gists in a 160-bed hospital located in Allentown, 
PA, about 60 mi. northwest of Philadelphia. The 
daily practice includes all aspects of general 
radiology, CT, ultrasound, and nuclear medicine. 
Please call or send CV to Asad Shohadai, M.D., 
Allentown Osteopathic Medical Center, 1736 
Hamilton St., Allentown, PA 18104; (215) 770-8700. 
8xa 


DIAGNOSTIC RADIOLOGIST needed in Conway 
Hospital, a community hospital located 10 mi. 
west of the resort/seaside community of Myrtle 
Beach, SC. The dept. performs 44,000 exams/yr 
including CT, MRI, nuclear medicine, ultrasound, 
mammography, and special procedures. All exams 
are done on state-of-the-art equipment. Our 3-per- 
son group offers a very strong financial package 
with all benefits including 17-wk vacation. Lovely, 
rapidly growing resort area includes 60 mi. of sandy 
beaches, 70 golf courses, and beautiful seaside 
homes. Contact Gary Rike, M.D., PO. Box 917, 
Conway, SC 29526; (803) 347-7277. 6-8ap 


CLASSIFIED ADVERTISEMENTS 


Positions Desired 


MUSCULOSKELETAL RADIOLOGIST, fellow- 
ship-trained at a major university program with 
over 10 yr experience in all imaging techniques, 
including CT and MR, seeks a full-time position 
in an academic or private musculoskeletal radi- 
ology practice. Currently an active clinical faculty 
member at 2 university programs and chief of a 
bone section in a radiology residency program at 
a large teaching/county facility (1 of the hospitals 
covered by our large, private-practice group). 
Current duties include a significant amount of 
general radiology. Priorities include high-quality 
practice of radiology, state-of-the-art equipment, 
and congenial working environment. Western 
U.S. preferred, but not mandatory. Enthusiastic, 
healthy, ABR-certified, mid-40s, and looking for 
a change. Excellent references. Reply to Box N42, 
AJR (see address this section). 7~9bp 


Fellowships and Residencies 


FELLOWSHIP IN BODY CT—The Dept. of Radi- 
ology at the University of Minnesota has 1- to 2-yr 
postresidency fellowship training positions in 
body CT available at the rank of instructor 
(temporary, annual renewable) beginning July 1, 
1992, and July 1, 1993. Minimum requirements 
include successful completion of an accredited 
radiology residency and board certification in 
radiology by beginning date of fellowship appoint- 
ment. In addition to clinical practice and training, 
responsibilities will include graduate and under- 
graduate medical instruction in abdominal, 
thoracic, and musculoskeletal CT imaging as well 
as assisting with related departmental research 
projects. Percutaneous biopsy and drainage 
techniques using CT guidance will be empha- 
sized. Salary is negotiable and competitive and 
dependent on past scholarly productivity and 
post-M.D. experience. Applicants must be 
licensed or able to obtain license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications for these positions will be 
accepted through Sept. 30, 1991, and Dec. 31, 
1991, respectively. Send letters to James Walsh, 
M.D., Dept. of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota, 420 Delaware St., S.E., Min- 
neapolis, MN 55455. The University of Minnesota 
is an equal opportunity educator and employer. 8c 


FELLOWSHIP IN CARDIOVASCULAR/INTER- 
VENTIONAL RADIOLOGY—The Dept. of 
Radiology at the University of Minnesota has 1- 
to 2-yr postresidency fellowship training positions 
in cardiovascular/interventional radiology 
available at the rank of instructor (temporary, 
annual renewable) beginning July 1, 1992, and 
July 1, 1993. Minimum requirements include suc- 
cessful completion of an accredited radiology 
residency and board certification in radiology by 
beginning date of fellowship appointment. In addi- 
tion to clinical practice and training, respon- 
sibilities will include graduate and undergraduate 
medical instruction in cardiovascular/interven- 
tional radiology as well as assisting with related 
departmental research projects. Salary is nego- 
tiable and competitive and dependent on past 
scholarly productivity and post-M.D. experience. 
Applicants must be licensed or able to obtain 
license to practice medicine in the state of 
Minnesota before appointment date. Applications 
for these positions will be accepted through 
Sept. 30, 1991, and Dec. 31, 1991, respectively. 
Send letters to Kurt Amplatz, M.D., Dept. of 
Radiology, Box 292 UMHC, University of Minne- 
sota, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer. 8c 
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FELLOWSHIP IN MUSCULOSKELETAL RADI- 
OLOGY—The Dept. of Radiology at the University 
of Minnesota has t- to 2-yr postresidency fellow- 
ship training positions in musculoskeletal 
radiology available at the rank of instructor 
(temporary, annual renewable) beginning July 1, 
1992, and July 1, 1993. Minimum requirements 
include successful completion of an accredited 
radiology residency and board certification in 
radiology by beginning date of fellowship appoint- 
ment. In addition to clinical practice and training, 
responsibilities will include graduate and under- 
graduate medical instruction in musculoskeletal 
radiology as well as assisting with related depart- 
mental research projects. This fellowship will 
encompass all aspects of musculoskeletal radi- 
ology, including CT, arthrography, and MR. Salary 
is negotiable and competitive and dependent on 
past scholarly productivity and post-M.D. experi- 
ence. Applicants must be licensed or able to 
obtain license to practice medicine in the state of 
Minnesota before appointment date. Applications 
for these positions will be accepted through Sept. 
30, 1991, and Dec. 31, 1991, respectively. Send 
letters to Harry Griffiths, M.D., Dept. of Radiology, 
Box 292 UMHC, University of Minnesota, 420 
Delaware St., S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer. 8c 


FELLOWSHIP IN NEURORADIOLOGY—The 
Dept. of Radiology at the University of Minnesota 
has 4 1- to 2-yr postresidency fellowship training 
positions in neuroradiology available at the rank 
of instructor (temporary, annual renewabie) begin- 
ning July 1, 1992, and July 1, 1993. Minimum 
requirements include successful completion of an 
accredited radiology residency and board certifi- 
cation in radiology by beginning date of fellowship 
appointment. In addition to clinical practice and 
training, responsibilities will include graduate and 
undergraduate medical instruction in neuroradi- 
ology as well as assisting with related depart- 
mental research projects. Salary is negotiable and 
competitive and dependent on past scholarly pro- 
ductivity and post-M.D. experience. Applicants 
must be licensed or able to obtain license to prac- 
tice medicine in the state of Minnesota before 
appointment date. Applications for these positions 
will be accepted through Sept. 30, 1991, and 
Dec. 31, 1991, respectively. Send letters to 
Richard Latchaw, M.D., Dept. of Radiology, Box 
292 UMHC, University of Minnesota, 420 Dela- 
ware St, SE. Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer. 8c 


FELLOWSHIP IN NUCLEAR MEDICINE—The 
Dept. of Radiology at the University of Minnesota 
has 1- to 2-yr postresidency fellowship training 
positions in nuclear medicine available at the rank 
of instructor (temporary, annual renewable) begin- 
ning July 1, 1992, and July 1, 1993. Minimum 
requirements include successful completion of an 
accredited radiology residency and board certifi- 
cation in radiology by beginning date of fellowship 
appointment. in addition to clinical practice and 
training, responsibilities will include graduate and 
undergraduate medical instruction in nuclear 
medicine as well as assisting with related depart- 
mental research projects. Salary is negotiable and 
competitive and dependent on past scholarly 
productivity and post-M.D. experience. Applicants 
must be licensed or able to obtain license to prac- 
tice medicine in the state of Minnesota before 
appointment date. Applications for these positions 
will be accepted through Sept. 30, 1991, and 
Dec. 31, 1991, respectively. Send letters to Robert 
Boudreau, M.D., Dept. of Radiology, Box 292 
UMHC, University of Minnesota, 420 Delaware 
St, S.E., Minneapolis, MN 55455. The University 
of Minnesota is an equal opportunity educator 
and employer. 8c 
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FELLOWSHIP IN PEDIATRIC RADIOLOGY—The 
Dept. of Radiology at the University of Minnesota 
Hospital and Minneapolis Children’s Medical 
Center has 1- to 2-yr postresidency fellowship 
training positions in pediatric radiology available 
at the rank of instructor (temporary, annual 
renewable) beginning July 1, 1992, and July 1, 
1993. Minimum requirements include successful 
compietion of an accredited radiology residency 
and board certification in radiology by beginning 
date of fellowship appointment. In addition to 
clinical practice and training, responsibilities will 
include graduate and undergraduate medical 
instruction in pediatric radiology as well as 
assisting with related departmental research 
projects. Seven experienced pediatric radiologists 
will be actively involved in the training process. 
The clinical experience will be equally distributed 
between the Minneapolis Children's Medical 
Center and the University Hospital. Salary is 
negotiable and competitive and dependent on 
past scholarly productivity and post-M.D. experi- 
ence. Applicants must be licensed or able to 
obtain license to practice medicine in the state of 
Minnesota before appointment date. Applications 
for these positions will be accepted through 
Sept. 30, 1991, and Dec. 31, 1991, respectively. 
Send letters to Deborah Day, M.D., Dept. of 
Radiology, Box 292 UMHC, University of Minne- 
sota, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer. 8c 


FELLOWSHIP IN ULTRASOUND—The Dept. of 
Radiology at the University of Minnesota has 2 
1- to 2-yr postresidency fellowship training posi- 
tions in ultrasound available at the rank of 
instructor (temporary, annual renewable) begin- 
ning July 1, 1992, and July 1, 1993. Minimum 
requirements include successful completion of an 
accredited radiology residency and board certifi- 
cation in radiology by beginning date of fellowship 
appointment. In addition to clinical practice and 
training, responsibilities will include graduate and 
undergraduate medical instruction in ultrasound 
as well as assisting with related departmental 
research projects. The clinical practice will 
provide experience in general abdominal, obstet- 
rical, gynecologic, and vascular ultrasound using 
conventional, as weli as color Doppler, intracav- 
itary, and intravascular technology. It will also 
provide experience with interventional procedures 
under sonographic guidance. Salary is negotiable 
and competitive and dependent on past scholarly 
productivity and post-M.D. experience, Applicants 
must be licensed or able to obtain license to prac- 
tice medicine in the state of Minnesota before 
appointment date. Applications for these positions 
will be accepted through Sept. 30, 1991, and 
Dec. 31, 1991, respectively. Send letters to Janis 
Letourneau, M.D., Dept. of Radiology, Box 292 
UMHC, University of Minnesota, 420 Delaware 
St, S.E., Minneapolis, MN 55455. The University 
of Minnesota is an equal opportunity educator 
and employer. 8c 


MAMMOGRAPHY FELLOWSHIP—Mallinckroat 
Institute of Radiology, Washington University 
Medical Center in St. Louis, MO, has an opening 
for a 1-yr fellowship in breast imaging starting 
July 1, 1992. The section performs more than 
21,000 mammograms/yr with an active screening 
program that includes mobile mammography. 
Adjunctive procedures such as breast needle 
localization, stereotactic fine-needle aspiration 
biopsy, galactography, and breast ultrasound are 
performed in the breast center. For further infor- 
mation, contact Drs. Judy Destouet or Barbara 
Monsees, Mallinckrodt Institute of Radiology, 
Washington University Medical Center, 510 S. 
Kingshighway Bivd., St. Louis, MO 63110; (314) 
362-2911. 8-10c 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP IN ABDOMINAL IMAGING—The 
Dept. of Radiology at the University of Minnesota 
has 1- to 2-yr postresidency fellowship training 
positions in abdominal imaging, including body 
MRI, body CT, and ultrasound, available at the 
rank of instructor (temporary, annual renewable) 
beginning July 1, 1992, and July 1, 1993. Mini- 
mum requirements include successful completion 
of an accredited radiology residency and board 
certification in radiology by beginning date of 
fellowship appointment. The fellowship will 
consist of body MRI, CT, and ultrasound rotations. 
Fellows will perform biopsy and drainage proce- 
dures using CT and ultrasound guidance. State- 
of-the-art equipment is available in all these 
imaging areas. in addition to clinical practice and 
training, responsibilities will include graduate and 
undergraduate medical instruction in abdominal, 
thoracic, and musculoskeletal CT imaging and 
assisting with related departmental research proj- 
ects. Salary is negotiable and competitive and 
dependent on past scholarly productivity and 
post-M.D. experience. Applicants must be fi- 
censed or able to obtain license to practice medi- 
cine in the state of Minnesota before appointment 
date. Applications for these positions will be ac- 
cepted through Sept. 30, 1991, and Dec. 31, 1991, 
respectively, Send letters to Stephen Trenkner, 
M.D., Dept. of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota, 420 Delaware St., S.E., Min- 
neapolis, MN 55455. The University of Minnesota 
is an equal opportunity educator and employer. 8c 


FELLOWSHIP IN MRI—The Dept. of Radiology 
at the University of Minnesota has 4 1- to 2-yr 
postresidency fellowship training positions in MRI 
available at the rank of instructor (temporary, 
annual renewable) beginning July 1, 1992, and 
July 1, 1993. Minimum requirements include suc- 
cessful completion of an accredited radiology 
residency and board certification in radiology by 
beginning date of fellowship appointment. In addi- 
tion to clinical practice and training, respon- 
sibilities will include graduate and undergraduate 
medical instruction in MRI as weil as assisting 
with related departmental research projects. We 
have 2 clinical MR scanners (a 1.0-T unit and a 
1.5-T unit) and apart from experience with MR 
scanning of the brain and spine, a large amount 
of experience with musculoskeletal and body MR 
will be possible. In addition to the clinical MR 
scanners, a whole-body 4-T scanner (1 of 4 
presently in operation worldwide) and a small- 
bore animal system are available for research. 
Clinical and basic science research projects are 
available and encouraged. Salary is negotiable 
and competitive and dependent on past scholarly 
productivity and post-M.D. experience. Applicants 
must be licensed or able to obtain license to prac- 
tice medicine in the state of Minnesota before 
appointment date. Applications for these positions 
will be accepted through Sept. 30, 1991, and 
Dec. 31, 1991, respectively. Send letters to Arthur 
E. Stillman, M.D., Ph.D., Dept. of Radiology, Box 
292 UMHC, University of Minnesota, 420 Dela- 
ware St, SE., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer. 8c 


FELLOWSHIP IN BODY CT/MRI AND ULTRA- 
SOUND—The Dept. of Radiology of Loyola 
University Medical Center has 2 1-yr fellowship 
positions available July 1, 1992. The dept. 
performs more than 180,000 exams/yr. Fellowship 
training in all aspects of ultrasound is available. 
All imaging equipment is state-of-the-art and 
includes 4 GE 9800 CT scanners, 4 Acuson units, 
and 2 GE 15-T magnets. Candidates must be 
board-certified/eligible in diagnostic radiology and 
have an illinois medical license. For further infor- 
mation, contact Mary Olson, M.D., Dept. of Radi- 
clogy, Loyola University Medical Center, 2160 S. 
First Ave., Maywood, IL 60153. 8-licp 
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FELLOWSHIP POSITIONS AVAILABLE 1992 
One-yr fellowships in cross-sectional imaging 
(includes CT/ultrasound/MRb, angiography/inter- 
ventional radiology, and MRI at MetroHealth 
Medical Center, Cleveland, OH, are available 
starting July 1992. ideal candidates will have 
completed an approved diagnostic radiology resi- 
dency program and have an interest in research 
as he/she will be responsibie for a specific 
research project during the fellowship. The Dept. 
of Radiology is an active, academic dept. with 
state-of-the-art equipment in angiography, CT. 
ultrasound, and MRI and an approved residency 
program. MetroHealth Medical Center is a 
1000-bed teaching hospital affiliated with Case 
Western Reserve University and offers attractive 
compensation and benefits. Interested candidates 
should forward CV, a letter outlining expectations 
in the fellowship, and other pertinent information 
to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 
3395 Scranton Rd., Cleveland, OH 44109: fax 
(216) 459-4072. MetroHealth Medical Center and 
Case Western Reserve University are equal 
opportunity employers. 8--10c 


BREAST IMAGING FELLOWSHIP—The Susan 
G. Komen Breast Center in Peoria, IL, affiliated 
with St. Francis Medical Center, is offering a t-yr 
fellowship in breast imaging beginning immedi- 
ately. St. Francis Medical Center is a 750-bed, 
general hospital affiliated with the University of 
illinois College of Medicine. The center is staffed 
with 2 radiologists devoted full time to breast 
imaging. Approximately 20,000 breast imaging 
studies are performed/yr. This 1-yr fellowship will 
provide exceptional experience in all aspects of 
breast imaging, including film/screen mammog- 
raphy and breast ultrasound. The fellow will alse 
acquire skills in interventional procedures 
including ductography, preoperative localizations. 
cyst aspirations, and stereotactic needle biopsies 
(FNA and core biopsies). A 6-wk combined sur- 
gery and pathology rotation is provided to 
acquaint the fellow with surgical concerns in 
biopsies and mastectomies and to acquire a basic 
understanding of breast pathology. Opportunity 
exists and the fellow will be encouraged to parti 
cipate in research projects relating to breast 
imaging. Send inquiries with CV to G. W. Eklund, 
M.D., Medical Director, Susan G. Komen Breas 
Center, 4911 Executive Dr, Ste. 300, Peoria, IL 
61614. 8~10cp 


MRI FELLOWSHIP AVAILABLE 1992-—~One-yr 
fellowships in MRI at MetroHealth Medical Center, 
Cleveland, OH, are available starting July 1992. 
Ideal candidates will have completed an approved 
diagnostic radiology residency program and have 
an interest in research as he/she will be respon- 
sible for a specific research project during the 
fellowship. The Dept. of Radiology is an active, 
academic dept. with state-of-the-art equipment in 
angiography, CT, ultrasound, and nuclear medi- 
cine and an approved residency program. The 
MR section includes a 1.5-T imager (2nd systern 
will be installed in Fall 1991), independent 
development workstation, 3-D engine {Voxel 
Flinger}, RF lab, and Starden Titan minicomputer. 
The research group includes 4 Ph.D. scientists 
and 4 graduate students. MetroHealth Medical 
Center is a 1000-bed teaching hospital affiliated 
with Case Western Reserve University and pro 
vides tertiary care in the Cleveland metropolitan 
area. Interested candidates should forward CV, a 
letter outlining expectations in the fellowship, and 
other pertinent information to Errol M. Bellon, 
M.D., Director, Dept. of Radiology, MetroHealth 
Medical Center, 3395 Scranton Fi, Cleveland, 
OH 44109: fax (216) 459-4072. MetroHealth 
Medical Center and Case Western Reserve Uri 
versity are equal opportunity employers. 810e 


444 


FELLOWSHIP IN VASCULAR/INTERVEN- 
TIONAL RADIOLOGY—The University of Arizona 
in Tucson has a 1-yr fellowship opening in vas- 
cular/interventional radiology beginning July 1, 
1992. The full spectrum of vascular and interven- 
tional procedures are performed by the section. 
Tucson is a desirable part of the country, where 
our competitive salary and reasonable cost of 
living assure an enjoyable stay as well as an 
academically productive experience. An informa- 
tional videotape is available if desired. Applicants 
must be board-eligible and must submit a recent 
CV and 3 letters of recommendation including 1 
from the program chairman. For further informa- 
tion, please contact Linda Fowler; (602) 694-7136. 
8-10cp 


RADIOLOGY RESIDENCY POSITION, JULY 
1991—Unexpected immediate opening for an R3- 
or R4-radiology resident commencing July 1991 
at Sacred Heart Medical Center (SHMC) in 
Spokane, WA. SHMC is a large, 650-bed tertiary- 
care hospital with a state-of-the-art radiology dept. 
The 11-member faculty are all fellowship trained. 
Residency program currently includes 2 
residents/yr. Please direct all inquiries to Royce 
L. Zobell, M.D., Program Director, Dept. of 
Radiology, Sacred Heart Medical Center, W. 101 
8th Ave., TAF-C9, Spokane, WA 99220; 
(509) 455-3020, 8c 


FELLOWSHIP IN BODY MRI, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—The Dept. of 
Radiology at Thomas Jefferson University 
Hospital has an unexpected opening for a 1-yr 
MRI fellow beginning July 1, 1992. This is an 
active body MRI section that encompasses a 
clinical mix of approximately 50% musculoskel- 
etal! and 50% chest/abdomen/pelvis cases. 
Equipment includes 4 1.5-T GE Signa systems 
with state-of-the-art and advanced prototype hard- 
ware and software. Ample opportunity for 
research is provided. The dept. has excellent 
research facilities and support, including 2 MRI 
physicists, a radiology animal facility, radiology 
research funding, and a team of research assis- 
tants. interested candidates should contact 
Donald G. Mitchell, M.D., Director of MRI, Dept. 
of Radiology, 1032 Main Bidg., Thomas Jefferson 
University Hospital, Philadelphia, PA 19107; 
(215) 955-4809, Jefferson is an equal opportunity/ 
affirmative action employer. 8-1c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP— Applications are now being accepted for 
a musculoskeletal fellow position for 1992 at the 
Cleveland Clinic Foundation (CCF). CCF is a 
1000-bed, tertiary-care, teaching medical center 
with a large radiology residency program. Local, 
national, and international patients provide an 
interesting and varied mix of bone pathology. 
Training includes all aspects of musculoskeletal 
radiology including MR, CT, arthrography, biopsy, 
bone densitometry, and a large plain film experi- 
ence. Fellowship includes patient care, teaching, 
and research. There is a close working relation- 
ship with the orthopedic, rheumatology, and 
endocrinology depts. There are presently 4 mus- 
culoskeleta! staff in the section. For further infor- 
mation, please contact Bradford J. Richmond, 
M.D., Head, Section of Musculoskeletal Radiology, 
Desk A-21, 9500 Euclid Ave., Cleveland, OH 
44195; (216) 444-3931. 5-10c 


CLASSIFIED ADVERTISEMENTS 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Unexpected opening 
available July 1, 1991, for a 1-yr fellowship pro- 
gram at a 750-bed teaching hospital. Extensive 
clinical experience involving all aspects of cardio- 
vascular imaging, interventional vascular and 
nonvascular procedures, and availability for 
clinical or animal research. Send CV and inquiries 
to Oscar H. Gutierrez, M.D., Dept. of Radiology, 
Box 648, University of Rochester, Rochester, NY 
14642-8648. An equal opportunity employer 
(M/F), 5~8c 


FELLOWSHIPS IN PEDIATRIC RADIOLOGY 
AND PEDIATRIC NEURORADIOLOGY—The 
Dept. of Radiology, Children’s Hospital Medical 
Center, Cincinnati, OH, offers 1- or 2-yr fellowships 
in pediatric radiology beginning July 1, 1993. A 
1-yr pediatric neuroradiology fellowship program 
is also offered and may be taken separately or 
combined with 1 yr of adult neuroradiology fellow- 
ship at the University of Cincinnati Medical Center. 
Children’s Hospital Medical Center (CHMC) is a 
355-bed institution. The dept. performs over 
105,000 radiologic exams annually in the largest 
children’s hospital and ambulatory practice in the 
U.S. The dept. has 14 full-time faculty pediatric 
radiologists, 6 fellows, and many resident 
trainees. Five pediatric radiology and 1 pediatric 
neuroradiology fellowship positions are available 
annually. Training includes all aspects of pediatric 
imaging: neonatal radiology, neuroimaging, mus- 
culoskeletal radiology, cardiovascular and thoracic 
imaging, abdominal imaging, oncologic imaging, 
ultrasonography, nuclear medicine, CT, MRI, and 
vascular/interventional procedures. The dept. has 
an active clinical service with state-of-the-art 
equipment as follows: digital fluoroscopy; Acuson, 
Al, and ATL ultrasound units with Doppler and 
color flow Doppler capabilities; planar SPECT 
gamma cameras; GE 9800 Quick CT scanner, 
1.5-T GE MRI with spectroscopy; and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. The fellowship provides a 
broad clinical experience in pediatric radiology as 
well as numerous opportunities to participate in 
both clinical and basic research. Candidates must 
be board-certified or board-qualified in diagnostic 
radiology and must be able to obtain an Ohio 
medical license. Salary and fringe benefits are 
highly competitive. Applications are due before 
Jan. 1992, with interviews scheduled during the 
fall and winter of 1991-1992. There are numerous 
career opportunities in pediatric radiology in 
academic and private practice settings. To receive 
more information about the fellowships at CHMC 
or careers in pediatric radiology, please contact 
Donald R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children's Hospital Medical Center, Cincin- 
nati, OH 45229-2899; (513) 559-8058. Children’s 
Hospital Medical Center and the University of 
Cincinnati College of Medicine are affirmative 
action/equal opportunity employers. 5-4cp 


FELLOWSHIP POSITIONS—The Dept. of Radi- 
ology and Radiological Sciences of Vanderbilt 
University Schoo! of Medicine is offering fellow- 
ship positions for 1992-1993 in angiography, 
musculoskeletal radiology, neuroradiology (2), 
and pediatrics. Research opportunities are avail- 
able and encouraged. Candidates must be board- 
certified or qualified in diagnostic radiology and 
able to obtain a Tennessee medical license. 
Address inquiries and CV to Martin P. Sandler, 
M.D., Director, Fellowship Programs, Dept. of 
Radiology and Radiological Sciences, Vanderbilt 
University, Nashville, TN 37232-2675. An equal 
opportunity/affirmative action employer. 7~9cp 
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FELLOWSHIP IN CROSS-SECTIONAL IMAGING 
The Dept. of Radiology, Dartmouth-Hitchcock 
Medical Center, has an opening for July 1992 for 
a 1-yr fellowship in MRI/CT/ultrasound. Training 
includes experience in all aspects of MRI, includ- 
ing neuro and body, CT, and ultrasound, including 
obstetric and vascular imaging. Imaging-guided 
biopsies and drainage procedures will be an 
integral part of the program. The Medical Center 
has a completely new 420-bed, tertiary-care 
hospital with state-of-the-art imaging equipment 
opening in the fall of 1991. Protected research 
time will be available for the fellow. There is 
ample opportunity for clinical radiologic research 
as well as technology assessment and outcome 
analysis in collaboration with Dartmouth Medical 
Schooi Center for Evaluative Sciences. For further 
information, contact Robert D. Harris, M.D., Dept. 
of Radiology, Dartmouth-Hitchcock Medical 
Center, Hanover, NH 03756; (603) 646-5686. 8xc 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY—The Harvard Medical School and 
Brigham and Women’s Hospital, Dept. of Radi- 
ology, is offering a 2-yr fellowship starting July 1, 
1992, in cardiovascular and interventional radi- 
ology including peripheral and coronary angi- 
ography, cardiac catheterization, digital vascular 
imaging, all types of interventional procedures, 
noninvasive vascular techniques, and cardio- 
vascular MRI. Research time available for parti- 
cipation in original or ongoing clinical and/or 
laboratory projects. Please send CV to B. Leonard 
Holman, M.D., Chairman, Dept. of Radiology, 
Brigham and Women’s Hospital, 75 Francis St., 
Boston, MA 02115. Brigham and Women’s Hos- 
pital/Harvard Medical School is an affirmative 
action/equal opportunity educator and employer. 
3-8c 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRI — Jefferson's ultra- 
sound division is 1 of the largest in the world and 
performs all currently available exams including 
obstetric, vascular, lithotripsy, invasive, and endo- 
juminal. We also operate 4 GE 1.5-T MRI units and 
3 CT scanners. Contact Barry Goldberg, M.D., 
regarding this program. Cardiovascular/inter- 
ventional — this division is housed in a new 
suite containing Philips angio units with DSA and 
performs the full range of vascular and non- 
vascular interventional procedures. Contact 
Geoffrey Gardiner, Jr, M.D. Neuro/ENT radiology 
-~ very active clinical services supply a wealth of 
material to this division, which is housed in a 
neurosciences imaging center containing all 
imaging modalities. Contact Carlos Gonzalez, 
M.D. Breast Imaging — Jefferson’s new breast 
imaging center performs approximately 85 
studies/day including ultrasound and needie 
localizations. Contact Stephen Feig, M.D. Chest 
— includes biopsies and CT. Contact Robert 
Steiner, M.D. MRI — a dedicated body MRI pro- 
gram including excellent research opportunities 
in addition to a large clinical case load. Contact 
Matthew Rifkin, M.D. Ultrasound — a dedicated 
ultrasound program. Contact Barry Goldberg, 
M.D. Musculoskeletal -- includes MRI of the 
musculoskeletal system. Contact David Karasick, 
M.D. All program directors listed above can be 
contacted at the Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity / affirmative 
action employer. 8xc 
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IMAGING FELLOWSHIP—A 1-yr fellowship in 
ultrasound, MRI, and body CT is available July 
. 4, 1992-June 30, 1993, at a 576-bed teaching 
- hospital. The Dept. of Radiology performs more 
than 140,000 exams with state-of-the-art equip- 
ment. The ultrasound section is responsible for 
all aspects of sonography including OB-GYN, 
pediatric, abdominal, and small parts. Extensive 
training in color flow imaging, duplex Doppler, 
transvaginal, transrectal techniques, and sono- 
graphically guided procedures. Two GE MRI 
scanners and 2 GE 9800 Quick CT units provide 
high-volume caseloads in these areas. Oppor- 
tunities are available for participation in imaging 
research. For further information, please contact 
Marcela Bohm-Velez, M.D., imaging Fellowship 
Director, West Penn Hospital, 4800 Friendship 
Ave., Pittsburgh, PA 15224. 5-10c 


Tutoriais/Courses 


MUSCULOSKELETAL MRI, 1ST L.A. FALL 
CONFERENCE, SEPT. 14-15, 1991—Loews 
Santa Monica Beach Hotel, Medical Seminars 
international, Inc., 18981 Ventura Bivd., #303, 
Tarzana, CA 91356; (818) 774-9077, fax 
(818) 774-0244, 8-9d 


MAUI, HAWAI! 1991— 16th Annual Body Imaging 
Congress, October 5-12, 1991. CME i, Grand 
Hyatt Wailea. Medical Seminars International, 
inc., 18981 Ventura Blvd., Ste. 303, Tarzana, CA 
91356; (818) 774-9077, fax (818) 774-0244. 6-9d 
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The Osler Institute — 
Radiology Review Course 


September 26-October 1, 1991 — Chicago 
May 25-30, 1992 — Louisville 


METHODS 

e HOME STUDY MATERIALS consisting of written questions 
with assignments and answers with explanations 

è SEMINAR with projection slides and syllabus 

@ PRACTICE EXERCISES with oral and written parts 


OBJECTIVES 

è Improve basic knowledge and clinical skills in radiology 
è Assist residents and fellows to study efficiently 

è Prepare recent graduates to meet their next milestones 

® Provide practicing radiologists with a review and update 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, "Accommodations were comfortable...."* 


not only from world-famous authorities but from people who are relatively unknown as well.""* 
COURSES AND LOCATION: These cour- 


Radiologic Physics Genitourinary Richard Cooper, M.D. ses are designed, scheduled and located to 
ners: = Radiology iad px Pirsa Loyola Univ. of Chicago serve the needs of radiology residents and 
-rays a er vis , 

Fluoroscopy Abdominal Ultrasound Harry Griffiths, MD. | eo upon registration. The courses include 
Tomography Pelvic Ultrasound University of Minnesota both lectures and question sessions — faculty 
Computed Tomography Bone and Joints Fernando Gutierrez, M.D. | and students both questioning and answering 
Ultrasonography Tumors and Trauma Washington Universi in practice for what will follow. Fall courses 
MRI Metabolic and Endocrine ty are more written-oriented, and spring courses 
Quality Assurance Infection Donald Jacobson, M.S. are more clinical. Your best value is to repeat 

Dysplasia Med. College of Wisconsin the seminar for half price. The September 
Chest Anicuiac Diconders course will be at the Hilton Inn, Lisle, Ilinois. 
Infiltrates and Cavities Stephen Karesh, Ph.D. Our group room rates will be $85 single and 
Nodules and Masses Mammography Loyola Univ. of Chicago | $110 double. 
Mediastinum 

G Lo $ M.D. n : + 
Cardiovascular Neuroradiology University of Chicago ARA CDSE UNC IAS 
Heart and Aorta Skull and Contents x a 
SecA pe DacerdChe!  MamodMaka MD. | LOWEST AR, BARES: Fene oal wi 
Peripheral Arteries Temporal and Facial Bones Univ. of Ilinois at Chicago 
EE Sinuses, Larynx and Neck Geno Sebes, M_D. "the most education for the money. ™ 
Anania an Pediatric University of Tennessee | FEES AND COURSE HOURS: 
Statistics & Instruments Cardiovascular System Robert Seevers, PhD. lAn a Ov Rem Pysics S135 S90 TO 
ae aaa Gastrointestinal Tract Michael Reese, Chicago |g sent 27-Oct. 1:Clin. Rad. $660 $440 50 
Endocrine Scans and Rx Genitourinary Tract Marilyn Siegel, M.D. © Sept. 26-Oct. 1: Full Course $750 $500 60 
GL GU. Bone. and Bran  pones and Joints Washington University Repeating within 2 years: $375 $375 60 
oe , Central Nervous System ° ; 
Liver, Spleen, and Lung Mock oral exams: $ 70 $70 12 
Ga in. and Heart Andrew Taylor, M.D. © Private mock orals: $100 $100 1/2 
| FACULTY Med. College of Wisconsin | è Add 10% within 10 days of the course. 

Gastrointestinal Behrooz Azar-Kia, M.D. Aruna Vade, MLD. ee a in course hotel ze $20/day. 
SA EE S Univ. of Chicago Loyola Univ. of Chicago | e Most home study material will be mailed after 
Liver and Gallbladder Michael Blend, Ph.D., D.O. William Wehunt, M.D. half of the registration fee is received. 
Pancreas and Spleen Univ. of Illinois at Chicago George Pasanen Univ. 


“home study material was extremely helpful.’* 


Limited Enrollment: RADIOLOGY REVIEW REGISTRATION REFUNDS: Subject to a $50 fee, refunds will 














Terie Haute, IN 47802 ("] Please send FREE SAMPLE 


: 

Name ' be made up until the seminar begins. 

a: epee * ®Cancellation after mailing home study 
‘ : material requires retention of half the fee. 
: City/State/Zip : 

* INFORMATION: 

2 Phone Joseph H. Selliken, Jr., M.D. 

: , ! , : The Osler Institute 

: Mail today to: For: C Sept. 26-Oct. 1, 1991 -Chicago £ 1094 Dawn Lane, P.O. Box 2218 

: C] May 25-30, 1992 - Louisville ! Terre Haute, IN 47802 

: 1094 Dawn Lane, Dept. 108 ' ; 

: PO. Box 2218 C Check enclosed for $ : (800) 356-7537 or (812) 299-5658 
i : 


: * Comments by past Osler participants 
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54th Annual Course 


RADIOLOGY/91 
Cardiovascular and 
Interventional Radiology 







October 14-18, 1991 
Minneapolis, Minnesota 









Presented by 
Department of Radiology 
University of Minnesota 






PROGRAM 





Radiology/91 will be a comprehensive course emphasizing both con- 
ventional diagnostic techniques and advanced imaging modalities. New 
features of this year’s course include workshops on Monday and Thursday 
and live cases on Tuesday afternoon. 


GUEST SPEAKERS 


Gary J. Becker (Miami); Claire E. Bender (Rochester); Joseph J. Bookstein 
(San Diego); Flavio Castaneda (Peoria, Illinois); Andrew H. Cragg (lowa 
City); Richard Ehman (Rochester); Grant Hieshima (San Francisco); 
John Huston (Rochester); Andrew J. Leroy (Rochester); Peter Mueller 
(Boston); Steve H. Parker (Englewood, Colorado); Donald Schwarten 
(Indianapolis); Arina van Breda (Alexandria, Virginia); Eric van 
Sonnenberg (San Diego); Robert K. Zeman (Washington, DC). 


FEES: $550 
$300 (Resident/Fellow, Military, VA) 


ACCREDITATION: 27.75 hours Category 1, AMA 


DIRECT INQUIRIES TO: RADIOLOGY/91, Continuing Medical 

Education, University of Minnesota, Radisson Hotel Metrodome, 615 
Washington Avenue S.E., Suite 107, Minneapolis, Minnesota 55414; 
telephone 612-626-7600. Equal Educational Opportunity. 
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UPDATE IN FILM SCREEN 
MAMMOGRAPHY 


The University of Virginia will offer its sixth 
annual postgraduate course, Update in Film 
screen Mammography, September 4-6, 1991 
at the Jefferson Sheraton Hotel, Richmond, 
Virginia. 





The fee is $424.00 for MD's and $300.00 for 
Techs and carries 20 hours of AMA credit 
(Category 1). 


Course director: Ellen S. deParedes, MD 


For further information write to: 


R.L. Boswell 
Program Coordinator 
Department of Radiology, Box 170 
University of Virginia 
Health Sciences Center 
Charlottesville, VA 22908 
Phone: (804) 924-9387 





RADIOLOGIST 


The University of Califomia, San Francisco and its affiliate, 
VA Medical Center, Fresno, seek a full-time radiologist. 
Responsibilities will include teaching and supervising resi- 
dents in general radiology, as well as subspecialty such as 
MRI, CT, or interventional radiology. 





Qualifications include board certification in radiology and 
interest, skill, and background in clinical instruction and 
interest in research. Though candidates at all levels will be 
considered, the position is Ideal for a recent graduate 
starting an academic career. 


The central California location offers pleasant living condi- 
tions for famlly life with affordable housing, good schools, 
and ready access to both coastal and mountain recreational 
areas. 


Address inquiries and send c.v. to: 


Maicolm F. Anderson, M.D. 
Chief, Department of Radiology 
2615 E. Clinton Ave. (114) 
Fresno, CA 93703 
209-228-5328 


UCSF Is an AA/EOE, M/F/H/V. 


NEURORADIOLOGIST 


Temple University Hospital and School of 
Medicine is searching for a third Neuroradiologist 
at the rank of Assistant Professor. The candidate 
should have fellowship training in Neuroradiology, 
be board-certified, qualify for senior membership 
in the Society of Neuroradiology, and have expert 
ence in invasive neuroradiology procedures. 
Candidate should have skills in resident and medi- 
cal student teaching as well as in patient care, 

A candidate with a research background is 
preferable. 





The Department is currently adding two new 
CT scanners and a state of the art 1.5 tesla MRI 
unit. An excellent angiographic facility is also 
available. 


Candidates should contact Francis J. Shea, 
M.D., Professor & Acting Chairperson, 
Department of Diagnostic Imaging, TEMPLE 
UNIVERSITY SCHOOL OF MEDICINE, 
Broad & Ontario Streets, Philadelphia, 

PA 19140. 


Temple University is an Affirmative Action, Equal 
Opportunity Educator and Employer. 


= Choose | 
TEMPLE | 
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REVIEW ARTICLES 


223 
235 


241 
243 


The biliary tract: imaging for the 1990s. Burrell MI, 
Zeman RK, Simeone JF, et al. 

Laparoscopic cholecystectomy: evolution, early re- 
sults, and impact on nonsurgical gallstone therapies. 
Brandon JC, Velez MA, Teplick SK, et al. 

Commentary. A surgeon’s perspective on laparoscopic 
cholecystectomy. Easter DW 


Characterization of tumor hypoxia by *'P MR spectros- ` 


copy. Steen RG 


PULMONARY RADIOLOGY 


249 
255 


Broncholithiasis: CT features in 15 patients. Conces DJ 
Jr, Tarver RD, Vix VA 

Case report. Noncardiogenic pulmonary edema result- 
ing from intravascular administration of contrast ma- 
terial. Bouachour G, Varache N, Szapiro N, L'Hoste P, 
Harry P, Alquier P 


BREAST RADIOLOGY 


257 


267 


271 


Lobular carcinoma in situ of the breast: clinical, patho- 
logic, and mammographic features. Beute BJ, Kalisher 
L, Hutter RVP 
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